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PREFACE, 



By Ajlfred H. Brooks. 



In 1899 F. C. Schrader and T. Q. Gerdine carried a topographic 
and geologic reconnaissance survey through the Chandalar and Ko- 
yukuk basins, in northern Alaska. This was the first investigation 
of the mineral resources north of the Yukon. The time was well 
chosen, for it was in 1899 that the first important discoveries of placer 
gold were made in the Koyukuk district, though there had been some 
mining on the river bars during the previous decade. Since 1899 
the Koyukuk has produced gold to the value of about $2,500,000. 
Some promising gold-bearing veins have also been found in the Chan- 
dalar region. 

As this progress in mining gave promise of yielding much new 
information about the occurrence of mineral deposits, and as Schra- 
der's report had long been out of print, a second investigation of 
this field seemed justified. This resurvey was made by A. G. Mad- 
dren in the course of a single field season, during which he visited 
practically all the important localities of mining and also consider- 
ably extended the areal surveys. Mr. Maddren had the benefit of 
the geologic results achieved since 1899 in other parts of the Yukon 
basin, which have helped to elucidate a number of the stratigraphic 
problems. Although Mr. Maddren's conclusions as regards the geo- 
logic sequence differ somewhat from those reached by his predecessor 
in this field, yet this volume must in a measure be regarded as a 
revised edition of Schrader's report, which has proved remarkably 
accurate considering the conditions under which the field investiga- 
tions were carried out. 

Other systematic surveys have recently been made in northern 
Alaska. In 1911 and 1912 Mr. Maddren carried a geologic survey 
northward from Porcupine River to the Arctic Ocean, along the 
international boundary (one hundred and forty-first meridian, west 
longitude). In 1910 and 1911 P. S. Smith made reconnaissance sur- 
veys in the Kobuk and Noatak region, and the results of his work 
are embodied in a report * now in preparation, which will include a 

1 Smith, P. S., The Noatak-Kobuk region, Alaska : Bull. U. 8. Geol. Survey No. 536. 

7 



8 K0yUJLt'lL'€HA3n>ALAX KEGIOX, Af ASK4. 



geologic map of an area that extends eastward to tbe western bound- 
ary of the area mapped in the present vclume 4 PL T. in pocket). 
These two maps will serre to elucidate the general geologic features 
of this northern region. 

The geolc^T of the northern part of thi^ region has also been 
investigated. In IWl F. C. Sohrader and W. J. Petere i^*e p. 10) 
carried a geologic and topographic survey aL-ros- the Endio* it Moun- 
tains from the Kovukuk basin to the Arctic Ocean at the mouth of 
Colville River. The Arctic slope, east of tbe Colville. has been under 
investigatim by E. de K. I^fBngwell under private aii-pices since 
1906. All these investigat:< u^ will throw a flood of light on the 
geology of this most inaccessible part of Alaska. 
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THE KOYUKUK-CHANDALAR REGION, ALASKA. 



By A. G. Maih>ren. 



INTRODUCTION, 

The Kojrnkuk-Chandalar region, as here defined, includes the 
drainage basins of upper Koyukuk River and of Chandalar River, 
both tributary to the Yukon from the north. It is blocked out by 
the Arctic Circle and the sixty-eighth parallel of north latitude and 
the one hundred and forty-sixth and one hundred and fifty-fourth 
meridians of west longitude (PI. I, in pocket). The special purpose 
of this report, however, is to describe that part of this region in 
which gold placers have been developed. A general account of the 
geography and geology of the whole region, so far as the data at 
hand warrant it, will first be presented to serve as an introduction 
to the more detailed statements in regard to the Chandalar and 
Koyukuk placer districts These districts lie well within the south- 
em ranges of the mountain system that forms the Yukon-Arctic 
divide across northern Alaska and are noteworthy as constituting 
one of the most northerly gold-mining regions in the world. 

The information at hand has been gathered by members of four 
different Geological Survey expeditions following routes essentially 
different though coinciding to a certain extent. The first party to 
survey any portion of this field was led by F. C. Schrader,* who 
traveled from Fort Yukon up Chandalar River to the headwaters of 
its chief branch, portaged across the mountains to Robert Creek, 
the principal source of Settles River, descended that stream, and 
ascended Dietrich River, then returned to the mouth of Settles River 
and descended the Middle Fork of the Koyukuk and the main Koyu- 
kuk to Nulato, on the Yukon. T. G. Gerdine made a topographic 
reconnaissance map of this route, and a detachment from the main 
party, under D. C. Witherspoon, portaged from Slate Creek to the 
South Fork of the Koyukuk and followed the lower half of that 
river, carrying a survey over the route traversed. During the sum- 

i Schrader, F. C, Preliminary report on a reconnalsaance along the Chandlar and Ko 
yukuk rlyers, Alaaka, In 1899 : Twenty-flrat Ann. Rept. U. 8. Oeol. Surrey, pt 2. 1906. pp. 
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mer of 1901 Schrader^ again i]|a({e:geolo^c observations with an- 
other exploratory expeditiom-^bich ascended John River, a large 
northern tributary of the Jtoyiikuk west of the Middle Fork, crossed 
the Arctic divide, anfljSesdfended Anaktuvuk and Colville rivers to 
the Arctic coast. /W.,^. Peters, topographer, carried a reconnais- 
sance survey alo/ig/t)iis route. In the same year a party in charge of 
W. C. MendienhalP and D. L. Reabum made similar geologic and 
topograpbk sarveys from Fort Hamlin, on the Yukon, up Dall 
River/<Ji>5tfn the Kanuti to the Koyukuk, up the Alatna, and down 
the*.KobUk to Kotzebue Sound. 
. •..'•A3J three of these parties traveled with canoes along the larger 
'* -'.streams, so that their observations were necessarily confined to the 
valleys and inmiediately adjacent regions. In the present account 
free use has been made of the results of these expeditions to supple- 
ment those obtained by the writer. A fourth expedition entered this 
region during the summer of 1909, when the writer with one man 
and a pack horse traveled overland from' Fort Hamlin to the upper 
part of Dall River, thence northward over the western ridges and 
slopes of the mountains that form the divide between the eastern 
tributaries of the Koyukuk and Hodzana River, across Mosquito 
and South Forks, through Sitkum Pass and down Slate Creek to the 
settlement of Coldfoot, at its mouth, on the Middle Fork of the 
Koyukuk. After spending the month of August visiting the prin- 
cipal placer-mining localities tributary to the Middle Fork as far 
north as Gold Creek and gathering information about the occur- 
rence, distribution, and general development of the gold placers of 
the Koyukuk district, the party made a hasty visit to the Chandalar 
district, to the east, early in September, whence it returned to Fort 
Yukon by way of Chandalar River. The results of this work, so far 
as it related to the gold placers, have already been published.* 

As there was no base map of the region lying between tlie Yukon 
and Coldfoot along the route traveled, the writer carried a rough 
plane-table survey across this area, to connect the previous work of 
Gerdine and Reaburn. The results of this survey, together with 
valuable information furnished by prospectors met in the course of 
the journey, have been incorporated with all other available topo- 
graphic data at hand in the accompanying map (PI. I, in pocket). 
This map is printed on the scale of 1 : 500,000, or approximately 8 
miles to the inch, with 500-foot contours. It is based largely on the 
surveys made by Gerdine and Witherspoon during the expedition of 

» Schrader, P. C, A reconnaissance in northern Alaska : U. S. (ieol. Survey Prof. Paper 
No. 20, 1904. 

' Mendenhall, W. C, Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska : 
U. S. Geol. Survey Prof. Paper No. 10, 1902. 

"< Mnddren, A. G., Tlie Koyukuk-Chnndalar gold region : Bull. U. 8. Geol. Survey No. 442 
1910. pp. 1184-315. 



TOPOGRAPHY. • 11 

1899, with additions from the porticxis covered by Peters and Rea- 
bum in 1901 and by the writer in 1909, and from information fur- 
nished by prospectors about areas that have not been visited by 
Geolc^cal Survey parties. Although far from being accurate 
throughout, this map at least has the merit of bringing together in 
graphic form the most reliable information available in regard to the 
larger topographic features of the region. 

As regards the accoimt of the geology here presented, the obliga- 
tion of the writer to the work of Schrader and Mendenhall, who 
covered considerable portions of the area here mapped, will be evi- 
dent to all who refer to their reports on this region. 

TOPOGRAPHY. 

GEKE&AL FEATUBES. 

The Koyukuk-Chandalar region falls within two of the larger 
physiographic provinces of Alaska. Its northern third lies within 
the Endicott Mountains, which are usually considered a part of the 
northwestern extension of the Rocky Mountain system. The rest 
of the province, comprising two extensive lowlands and a highland 
area, which includes some mountains, lies within what has usually 
been termed the central plateau. It should be stated, however, that 
the dissected-plateau type of topography is hardly characteristic of 
the entire region here under discussion, but for convenience of de- 
scription the term now in the literature will be retained. 

This region can further be subdivided into four topographic sub- 
provinces — (1) the Yukon Flats, (2) the highland lying between the 
Chandalar and the Koyukuk, much of which is drained to the south 
by Dall and Hodzana rivers and which will be called the Hodzana 
highland, (3) the Koyukuk Flat and Valley, and (4) the Endicott 
Mountains. (See fig. 1.) 

The southern part of the region is drained southward through 
Chandalar and other rivers which are directly tributary to the 
Yukon, and the northern part southwestward through streams that 
are tributary to Koyukuk River. The Koyukuk, in turn, joins the 
Yukon about 200 miles southwest of the area here under discussion. 

BELIEP. 
YUKON FLATS. 

The southeastern part of the region here described is a part of the 
extensive basin lowland known as the Yukon Flats. This feature of 
relief forms an expansion of the Yukon Valley floor, about 200 milos 
in length from east to west and 40 to 80 miles in width from north 
to south. Yukon River flows into this basin from the southeast 
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out of a valley which, in marked coDtrsst to the fiats, is compara- 
tively narrow and deep. Above the flats the valley floor is <Hily 
fr(Hn 1 to 4 miles wide, sDd its sl<^>es rise st«eply and in many 
places abruptly to uplands which stand trom 1,500 to 3,000 feet 
above the river. After traversing the Yukon Flats for about 100 
miles in a northwesterly direction the river near Fort YuktHi makes 
a bend to the southwest and here is joined by the large Pcwiiupine 
River from the northeast. It then flows southwestward for about 
190 miles by its winding course, (a approximately 120 miles by direct 
distance, and near Fort Hamlin it leaves the flats by a narrow valley. 
This, like the valley above the fiats, is deeply trenched into an upland. 



FIOUBB 1. — Map ibowlHE phyelDgTaphlc proTtDces ot KoTUtut-CbBndalsr reglan. 

An encircling rim of uplands of varying relief entirely surrounds 
the Yukon Flats basin, broken only by the upper and lower Yukon 
Valley as described above and by the valleys of two large tributary 
streams. Porcupine and Chandalar rivers. These valleys have 
been clearly incised to their present depth across the upland rim by 
these streams within a comparatively recent period. In many places 
gentle slopes rise from the floor of the basin to the higher level of the 
upland, but here and there the transition is more abrupt, the upland 
presenting a steep escarpment Id the lowland. The Yukon within the 
flats spreads out broadly and divides into numerous channels that 
diverge and reunite in a confusing manner about many large and 



IIGHLAND, INCISED BV UPPER VALLEY OF FISH CREEK. 



MOUNTillNOUS PORTION OF H 



TOPOGBAPHT. 18 

small islands and bars. This meandering network of channels has 
in places a width of about 10 miles. The larger islands stand from 8 
to 12 feet above the usual river level and are generally thickly tim- 
bered with spruce. The lower islands and the bars are more or less 
covered by the river during flood stages each summer. Where 
exposed to the rapid currents the banks and bars are being continu- 
ally eroded away and shifted, but some of them are permanent enough 
in position to become more or less covered with a good growth of 
willows. The real banks of the river are usually a few feet hi^er 
than the islands. They stand from 15 to 25 feet above the usual river 
level. 

The casual traveler who passes through the Yukon Flats gains the 
impression that they are actually level. This impression is not quite 
correct, for the Yukon flows through this basin from east to west 
for a distance of more than 200 miles with an average current of about 
4 miles an hour, and it is evident that the bed of the river has con- 
siderable downstream grade. Mendenhall ^ estimates the slope of the 
Yukon between Fort Yukon and Fort Hamlin to be about 0.9 foot 
to the mile. Using this estimate, in the absence of definite surveys, as 
a basis for making an approximate calculation of the grade of the 
Yukon Flats, we find that the present general surface is about 200 
feet higher at the east end of the basin than at the west end. 

HODZANA HIGHLAND. 

The Hodzana highland embraces a rather ill-defined area bounded 
on the south and east by the Yukon Flats, on the west by the Koyukuk 
Flats, and on the north by a broad depression which separates it 
from the foothills of the Endicott Mountains. This province forms 
a belt from 40 to 50 miles wide which extends in a northeast-southwest 
direction in accordance with the trend of the major bedrock structure. 
The highland is characterized by even-topped ridges from 2,000 to 
3,000 feet above sea level (PI. II, -4), which have moderately undu- 
lating profiles and rounded contours, and above which rise compara- 
tively rugged isolated mountain masses and peaks whose summits 
stand from 4,000 to 5,000 feet above the sea (PI. II, 5). 

This highland area is broken into a number of irregularly outlined 
masses by broad valleys. Some of the mountain masses and peaks 
which stand above the general level have sufficiently well-defined 
trends to be classed as minor ranges, and these have received various 
names, such as the Yukon and Romanzoff mountains^ The trend of 
these ranges is determined by structural features. Their preservation 
at higher altitudes is probably due to the fact that their constituent 

> Mendenhall, W. C, ReconnaiBsance from Fort Tfamlln to Kotsebue Sound, Alaska : 
Pfof. Paper U. 8. QtoL Snrrcgr No. 10, 1002, p. 10. 
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strata are more resistant to weathering than the surrounding rodcs. 
They may, however, be due in part to accidents of erosion. The best 
defined of these higher masses forms the watershed between the Koyu- 
kuk on the west and northwest and the southeastward drainage of 
the Dall and Hodzana into the Yukon. The general height of this 
divide is between 3,000 and 3,500 feet above sea level, but some peaks 
along its crest attain 4,500 to 5,000 feet. The passes along the crest 
of these mountains range from 1,500 to 3,000 feet above sea leveL 
Some of the mountains along the divide present smooth, rounded pro- 
files; others are much more rugged in form. The rugged forms 
appear to be caused by the presence of large masses of hard igneous, 
mainly granitic rocks, dikelike masses of which present serrated 
forms that stand up prominently on ridges that are otherwise com- 
paratively smooth (PL in, A). 

The depression which bounds the highland area on the north is 
essentially a broad flat trough bounded for the most part by strong 
mountain slopes, which trend in an east-west direction. It is about 
10 or 15 miles in width and extends from the Koyukuk Valley low- 
lands on the west to the Chandalar Valley on the east. Its eastward 
drainage is carried by tributaries of the Chandalar, West Fork, and 
Crooked Creek, and its westward drainage by the upper South Fork 
of the Koyukuk and its principal tributary. Mosquito Creek. The 
divides between these streams are flat and gravel covered, and broad 
flat-topped ridges at a little higher elevation occupy the interstream 
areas. 

KOYUKUK FLAT AND YALLEY, 

The Koyukuk Flat is a broad basin lowland which occupies the 
southwestern part of the area under discussion. It is bounded on 
the east and south by the gentle slopes of the Hodzana highland, 
already described, and on the north by the foothills of the Endicott 
Mountains (PL III, B). The bordering slopes in places rise gently 
or by a series of alluvial terraces. At the mouths of the tributary 
streams the lowland floor extends up the bottoms of the valleys within 
the mountains. The lowland is very irregular in outline but is 
approximately 60 miles square. 

This lowland is drained to the southwest, beyond the region here 
described, by Koyukuk River. The main river hugs the northwest 
side of the basin and leaves it through a comparatively narrow valley 
entrenched into a highland which forms its rim in this direction. 
This valley is comparable in a general way with that of the Yukon 
below the Yukon Flats, but differs in not being so deeply cut. 

Several tributaries of the Koyukuk meander across this lowland in 
tortuous courses, and oxbow lakes are not uncommon. The entire 
floor of the basin is covered with alluvial deposits and resembles the 
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Yukon Flats, with which it has been compared by Schrader. Men- 
denhall has noted the southern extension of this broad basin along the 
lower Kanuti Biver from 30 to 60 miles above its mouth. 

ENDICOIT MOUNTAIKS. 

That part of the region lying north of latitude 67® lies chiefly 
within the belt of rough topography which has been called the Endi- 
cott Mountains ( PI. IV, A ) . These mountains embrace a rugged mass 
whose crest line is north of the region here described. They are, 
however, a part of the mountain system which stretches for more 
than 400 miles westward from the international boundary (141st 
meridian, west longitude) and forms the watershed between the 
Yukon drainage on the south and the streams that discharge into 
the Arctic Ocean on the north. In their widest place the mountains 
are about 80 miles in width. They are broken by broad passes and 
dissected by many valleys, which have been deeply glaciated. On the 
north they fall oflf abruptly to a region of less relief, the broad inter- 
stream areas of which form the Anaktuvuk Plateau, but on the south 
they descend to the Koyukuk and Chandalar valleys through a series 
of deeply dissected foothills. The highest peaks vary in altitude 
from 7,000 to 9,000 feet, but the average altitude of the crest line is 
only about 6,000 feet above the sea. Schrader has noted what ap- 
peared to him to be a rather striking accordance of summit level 
throughout these mountains, but this interpretation is not concurrent 
with the opinion of the writer. They appear rather a deeply dis- 
sected, broad mountainous belt whose topography has been greatly 
influenced by glacial erosion. The part of the range included in the 
region here under discussion embraces a series of north-south 
interstream areas or spurs which are offshoots from the main range, 
with some isolated peaks of greater relief to the north and more or 
less detached groups of lower mountains or foothills along their 
southern border. 

BBAINAGE. 

ffTHEAMS FLOWING SOUTHWARD TO THE YUKON. 

GENERAL FEATTTBES. 

The general character of that part of Yukon Kiver embraced within 
the area shown on the map (PI. I, in pocket) has already been de- 
scribed. Four rivers of considerable size enter the Yukon from the 
northwest within the Yukon Flats. They are, in downstream order, 
the Chandalar, the largest, which joins the Yukon 24 miles below 
Fort Yukon ; the Orenzik, about 25 miles below the Chandalar ; the 
Hodzana, about the same distance below the Orenzik; and the Dall, 
at the west end of the Yukon Flats, 9 miles above Fort Hamlin. All 
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these streams have similar features. They are more or less parallel, 
and, after flowing in courses which are upstream in direction as com- 
pared with the Yukon, make downstream or right-hand bends as they 
approach the main river. At their mouths are broad valleys whose 
floors merge with the Yukon Flats and which narrow upstreauL The 
Chandalar presents some exceptional features, and for this reason 
and because its drainage basin is of greater present economic import- 
ance, it will be described at some length. 

OHAXDALAB UYER AVD TBIB1TTA&IZ8. 

The Chandalar Biver basin drains nearly all the northeast quarter 
of the area shown on the map (PI. I, in pocket). It differs from the 
other three rivers which flow into the Yukon Flats from the north- 
west in that it rises much farther to the north and northwest, on the 
Yukon- Arctic divide, in the part of the high and rugged Endicott 
Mountains which extends eastward from the headwaters of the Mid- 
dle Fork of the Koyukuk. It has three headwater branches — the 
East, Middle, and North forks — all of which rise on this divide and 
flow southward in relatively narrow, deep valleys for about 75 miles 
in direct distance, through the southern ranges and across the gen- 
eral trend of the Endicott Mountains. The Chandalar has been 
ascended by small steamers as far as Chandalar station, about 70 
miles from the mouth, or 5 miles above its junction with the East 
Fork. 

The westernmost branch, which may properly be considered the 
upper part of the main river, but is locally called the North Fork 
by prospectors, is bounded on both its east and west sides by rugged 
mountains that rise boldly and in many places abruptly from its val- 
ley floor to heights of 2,000 to 4,000 feet above the river, or from 
3,000 to 6,000 feet above sea level. Along the divide west of this 
valley some peaks rise to nearly 7,000 feet above sea level. The 
divides on either side of the North Fork do not lie more than 10 or 
12 miles back from the river, so its valley is in few places more than 
25 miles wide from one crest to the other. In consequence of thi? 
narrowness the lateral tributary drainage is carried mostly by short, 
swift streams that have steep gulch valleys. The North Fork val- 
ley may be considered to end at the southern edge of the Endicott 
Mountains, just above the point where Crooked Creek comes in from 
the west and the river turns southeastward. The floor of the North 
Fork valley is- from 1 to 2 miles wide. On the whole it is a filled 
valley floor like those of all the larger valleys across the southern 
flanks of the Endicott Mountains, but it presents three features 
that distinguish it from most of the others. These features are (1) 
rapids caused by the outcrop of bedrock at the river level, about 7 
miles above Crooked Creek (PI. IV, B)\ (2) a large lake 8 miles 
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long by 1| miles wide, which occupies nearly the entire width of 
the valley bottom and whose lower end is about 8 miles above the 
rapids; and (3) about 30 miles of silt flats above Chandalar Lake, 
through which the river flows with a slow current by a winding 
course. The lake and the silt flats above it are apparently closely 
related phases of a partly filled bedrock valley, which seems to be a 
long overdeepened trough whose lower 8 miles is now occupied by 
Chandalar Lake and whose upper 30 miles is filled by sediments. 
Chandalar Lake is approximately 2,000 feet above sea level. The 
character of the sedimentation appears to indicate that formerly the 
lake extended farther upstream and that it has been and is still being 
gradually filled at its upper end. Around its shores there are gravel 
and silt benches which indicate that its surface has been at least from 
50 to 100 feet higher and that its lower end was farther down the 
valley toward the rapids, for the river between the lake and the 
rapids is now entrenched into silts and gravels in a way that shows 
that the surface of the lake has been lowered recently. Schrader* 
has suggested that the bedrock basin of this lake is due to glacial 
erosion. 

From the foot of the lake to the rapids, a distance of about 8 miles, 
the grade and current of the river are moderate. It meanders some- 
what and cuts a few silt and gravel banks that stand from 15 to 30 
feet high. It runs over some gravel and a few bowlder riffles, and 
as it approaches the rapids the bowlder riffles become more numerous. 
At the rapids hard quartzose mica schist crosses the bed of the 
channel and crops out along the banks (PI. IV, B), Here the 
bowlders are very numerous, and they continue so to Crooked Creek 
and beyond around the big eastward bend for a distance of more than 
25 miles. This portion of the river has a steeper grade than any 
other part of its course, and the channel is so thickly strewn with 
bowlders and cobbles that it is very rough. The current is swift, 
and there are numerous riffles caused by bowlder and cobble bars. 

The Middle Fork of the Chandalar is from 15 to 20 miles east of 
and roughly parallel to the North Fork. The upper half of its 
valley is in the rugged divide section of the Endicott Mountains; 
the lower half is of more open form, and the bordering mountains 
are not so high as those to the north and west. This open part 
of the valley is filled with gravel deposits that lie along its sides 
as terraces or benches. The stream, which is of good size, flows 
with a moderately swift current through these deposits and in cutting 
its channel down into them has concentrated the bowlders, cobbles, 
and coarse gravels along its bed in a series of successive steplike 

1 Scbrader, F. C, PreUmliULry report on a reconnaiasaiice along the Chandalar and 
KojnKxA rlTers, Alaska, In 1800 : Twenty-flnit Aon. Rept V. S. Oeol. Sarrey, pt 2, 1000, 
p. 466. 

7eoa2*— Bull. 532—18 2 
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fans over which the stream flows alternately by steep, short stretches 
with swift riffles, separated by flatter and longer stretches where 
the velocity of the current is moderate. In these slack stretches the 
stream generally flows over finer gravels, sands, and locally over silts. 
This steplike arrangement of the bars along the Middle Fork of 
the Chandalar does not seem to have any relation to the form of 
the bedrock floor of the valley, which is apparently covered to a 
considerable depth by the unconsolidated deposits, nor to a previous 
concentration of the coarser materials in the terrace deposits at posi- 
tions corresponding to the bars along the present stream channel, 
for the cobbles and bowlders in the older deposits into which the 
present stream channel is cut do not appear to have localized dis- 
tribution such as is shown by the bars along the present river bed. 
These unconsolidated bowlder-bearing benches may be of direct 
glacial deposition. They are at least of glacial origin to the extent 
of being outwash deposits. 

Between the lower halves of the North and Middle forks of 
the Chandalar there are two parallel mountain ridges separated by 
a narrow north-south valley about 30 miles long that is drained 
by a good-sized stream named Big Creek. The principal gold-placer 
deposits of the Chandalar district are situated in the headwater 
gulches of this creek. 

Just north of the high mountains at the head of Big Creek there 
is a very marked east-west depression that connects the valleys of 
the North and Middle forks. This depression opens into the North 
Fork valley about 6 miles above Chandalar Lake and joins the Middle 
Fork valley about 50 miles above its mouth. It is bounded on 
the north and south by mountains that rise abruptly 2,500 feet above 
its bottom. The floor of the depression is from 1 to 1^ miles wide 
and is covered and apparently filled to a considerable depth by 
unconsolidated glacial outwash deposits. On the surface of these 
deposits are a number of small shallow basins occupied by a chain 
of lakes which receive the lateral drainage of short streams from 
the mountains on either side. The waters of most of these lakes 
drain westward into the North Fork by way of Lake Creek, but 
several of the smaller easternmost ponds find an outlet to the east 
into Middle Fork by way of Grave Creek. Both Lake and Grave 
creeks have a fall of 300 or 400 feet in their lengths of 8 and 11 
miles, respectively, and the lower halves of their courses are in- 
trenched into the unconsolidated filling of the east-west trough which 
connects the valleys of North and Middle forks. The principal 
streams tributary to this valley troligh on its south side are Big 
Squaw and Little Squaw creeks, flowing into Lake Creek, and 
McClellan Creek, flowing into Grave Creek. These creeks flow down 
deep gulches on the northern slopes of the mountains at the head of 
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Big Creek. Smilar deep gulches are eroded into the southern slopes 
of this same mountain group by headwater brandies of Big and 
Tobin creeks. It is in these gulches on the north and south sides 
of this group that the placer gold of the Chandalar district occurs, 
and its source is in this mountain mass. 

The East Fork of the Chandalar, which was not visited, appears 
to have a valley with the same features as that of the Middle Fork. 
The mountains between Middle and East forks are somewhat lower 
and less rugged in form than those between North and Middle forks. 
The moimtains east of East Fork, separating it from Christian River, 
are also lower and more rounded in form, and toward the south 
gradually merge into the foothills on the north side of the Yukon 
Flats. The pronounced east-west valley trough occupied by Lake 
and Grave Creeks between North and ^fiddle forks continues east- 
ward from Grave Creek to the East Fork, across the mountains that 
separate these two large branches of the Chandalar. This portion of 
the trough is occupied by a chain of lakes of much larger size and at 
a lower level than those between the North and Middle forks. 

The courses of the three headwater branches of the Chandalar — 
the North, Middle, and East forks — are all transverse to the general 
east-west trend of the Endicott Mountains. The valleys of these 
streams are comparatively narrow and deep, and bold mountains 
rise between them to heights from 2,000 to 6,000 feet above their 
floors. To the south these three valleys open out and join a wide 
east-west topographic depression that marks the southern border of 
the Endicott Mountains between Chandalar and Koyukuk rivers. 
This depression, which has already been described (see p. 14), ex- 
tends westward from the northern edge of the Yukon Flats, a short 
distance below the mouth of the East Fork of the Chandalar, for 
about 75 miles across a wide, open divide to the South Fork of the 
Koyukuk; thence over another low, flat divide to Tramway Bar, on 
the Middle Fork of the Koyukuk; and down the Middle Fork val- 
ley to the mouth of John Biver, where it merges with the Koyukuk 
Flat 

The eastern half of this depression, which separates the Endicott 
Mountains on the north from the Hodzana Highland on the south, is 
now occupied by the main Chandalar River. The Chandalar may be 
considered to begin where the North Fork leaves the Endicott Moun- 
tains, is joined by Crooked Creek, and turns eastward. From this 
bend it flows in a direction a little south of east for about 60 miles, 
leaves the mountains, enters the Yukon Flats, and gradually swings 
more to the south before it flows into Yukon River about 24 miles 
below Fort Yukon. 

Crooked Creek and West Foik are about 15 and 20 miles long, re- 
spectively. Their valleys are wide basins separated by a flat- topped 



20 KOYTTKITK-CnSAirDALAB BBOION, atarka. 

ridge that stands about 3,000 feet above sea level. From Crooked 
Creek to the Yukon Flats, a distance of about 60 miles, the Chan- 
dalar Valley has a wide, open form and its bordering mountains 
have comparatively moderate slopes. All the large tributaries of 
this section of the valley come from the north. Those from the 
south^ which rise opposite the headwaters of the Hodzana and 
Orenzik, are all small and short, none being over 10 miles long. The 
bottom of the valley is from 5 to 7 miles wide and is filled with un- 
consolidated sediments that appear to be glacial outwash deposits 
of silts, gravels, cobbles, and a considerable number of large bowlders. 
These deposits are spread across the whole width of the valley and 
extend along its whole length. They grade without any change in 
character into the similar deposits that fill the large tributary valleys 
from the north, and they extend westward up West Fork and Crooked 
Creek valleys to their heads, 1,000 feet above the main Chandalar 
Valley, and across the wide divide into the Koyukuk drainage basin, 
throughout the larger valleys of which they are as widespread as 
in the Chandalar basin. 

The thickness of this valley filling of poorly assorted silts, gravels, 
cobbles, and bowlders is not known. The present channel of the 
main Chandalar is more or less intrenched in these deposits, and runs 
over a bed of the coarser, more concentrated material, which is so 
distributed as to form numerous riffles of large cobbles and bowlders. 
Through most of this section the river flows near the base of the 
slopes of the mountains that bound the south side of the valley, along 
which it cuts banks 100 feet high in the unconsolidated deposits and 
here and there cuts bluffs in the hard country rocks, but at no place 
is it known to flow upon bare bedrock. Where the river swings to 
its north bank it rarely cuts banks more than 30 feet high, and all 
of these are in the unconsolidated deposits, which extend to the north 
for several miles before they reach the slopes of the mountains. It 
is not known how high up the mountain slopes the unconsolidated 
deposits extend, but to judge from the high terraces observed along 
the valley of the Middle Fork, a height of 500 feet above the river 
does not seem improbable. Many lakes and ponds occur in shallow 
basins scattered over the flat surface of the valley filling between the 
river and the mountains to the north. 

The Chandalar leaves the mountains a few miles below the mouth 
of East Fork and flows for about 60 miles across the gradually 
descending surface of the Yukon Flats to the Yukon. The fall of 
the river in this distance is aboirt 400 feet, and its current through 
the upper half of this section is fairly swift, the grade of the stream 
bed being about 10 feet to the mile, but the fall gradually becomes 
less as the river approaches the Yukon, probably decreasing to 4 or 5 
feet to the mile. In this part of the channel also there are numerous 
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riffles caused by fan-shaped bars, but the gravels of these bars are 
smaller and better assorted than are those of the riffles farther 
upstream, within the mountains. The river is commonly divided by 
islands and bars into several channels. It cuts banks of light-colored 
silts from 30 to 100 feet high as it leaves the mountains, but these 
gradually decrease to heights of 10 to 20 feet and become darker- 
colored, like the typical alluvium of the lower banks along the Yukon, 
and the whole country presents the flat, featureless appearance charac- 
teristic of the Yukon Flats. While this appearance is that of a level 
country, it is evident from the grade of the river that these uncon- 
solidated deposits gradually slope from the northern border of the 
Yukon Flats to the Yukon, with a fall of at least 400 or 500 feet. 
At the edge of the flats they merge imperceptibly with the coarser 
unconsolidated filling of the Chandalar Valley, the surface of which 
at the mouth of the valley stands at about 1,200 feet above sea level, 
an elevation corresponding in general with tha^ of similar benches 
of unconsolidated deposits that occur elsewhere about the borders of 
the Yukon Flats. 

The Chandalar enters Yukon River by several diverging channels. 
About 7 miles from 'the Yukon a deep sluggish channel enters the 
river from the east, draining a chain of lakes and ponds, some of 
which lie only a few hundred feet from the north bank of one of the 
Yukon channels. There is an easy portage across this short distance 
from one of the ponds to the Yukon that is used by the natives and 
prospectors who travel from the Chandalar to Fort Yukon. Chris- 
tian River, a stream of considerable length, empties into this slug- 
gish channel a few miles east of the Chandalar. It rises in the moun- 
tains north of the flats to the east of East Fork and drains a large part 
of both the mountainous and the flat country between the Chandalar 
and the Porcupine. 

OBBVZZZ, HODZAVA, AKB DAXX BTVEBS. 

The basins of Orenzik and Hodzana rivers have not been visited 
by any of the Geological Survey parties. The representation of 
their general location and extent on the accompanying map (PL I, 
in pocket) and the description of the country they drain have been 
compiled from sketches and notes furnished by prospectors. 

Orenzik, Hodzana, and Dall rivers drain all the upland southeast 
of the divide that separates the Chandalar and Koyukuk basins on 
the north and west from the northwestern part of the Yukon Flats, 
which lies between Chandalar River and Fort Hamlin. The divide 
about the headwaters of these basins extends from east to west for 
about 60 miles between the Chandalar and the northern tributaries 
of the Orenzik and Hodzana, turns southwestward at the head of 
the Hodzana, and thence separates the western tributaries of the 
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Hodzana and Dall fitHn the drainage basins of the South Fork of 
the Koyukuk and the Kanuti. This divide is at no place more than 
75 miles from the Yukon in direct distance, and Hodzana Eiver, the 
largest of the three streams, is not more than 125 Iniles long. 

The smaller valleys of all the headwater tributaries of these rivers 
appear to have rather steep grades, in places descending 1,000 feet 
within less than 10 miles. As a result, the streams are swift and 
have cut many deep gorges and some canyons along their upper 
courses. (See PI. II, A^ p. 12.) Even where several of these head- 
water streams have united to form larger branches and the valleys 
in general widen out with smooth-topped ridges between them, there 
are many contractions, caused by spurs of bedrock from the higher 
ridges through which the rivers have eroded gorgelike sections. Thus 
along these valleys within the mountains more or less widened or 
basinlike portions alternate with narrower gorgelike stretches. Many 
of these basin expansions have more or less flat bottoms, formed 
by fillings of unconk>lidated gravels and finer sediments through 
which the streams in places meander widely with slackened currents. 
Through the gorges the channels are generally more direct, with 
swift currents and even with rapids. In other words, the valleys 
show considerable physical diversity along their courses through the 
mountainous Hodzana highland. The basins, like all similar topo- 
graphic features in northern Alaska, whether high in the mountains 
or at lower levels, are covered with the usual tundra growth, are 
almost always swampy, and contain numerous lakelets and ponds. 

The valleys of the Orenzik, Hodzana, and Dall all open out into 
the Yukon Flats in a manner similar to that of the Chandalar. The 
rivers meander back and forth across rather wide alluvial valley 
floors bounded on either side by the gradually lowering and receding 
ridges of the mountains that border the northwest side of the basin. 
The valley bottoms gradually expand and their filling intergrades 
with the similar deposits of the flats, over which the rivers flow in 
the lower 30 or 40 miles by very crooked courses. Over this country, 
which, like all the rest of the flats, is practically devoid of relief 
except for its gradually rising slope from the Yukon to the hills, are 
scattered a number of sloughs, ponds, and lakes, many of which 
appear to occupy parts of old and abandoned courses of the rivers 
or their tributaries. 

KOYUKUK DRAINAGE BAfilK. 
TKZBUTABT 8TRSA1CS. 

Koyukuk River is one of the largest tributaries of the Yukon and 
is about 700 miles in length from its mouth to the head of its Middle 
Fork. Within the region here discussed, the Koyukuk receives from 
the north and northwest five important tributaries that drain a large 
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area of the southern slope of the Endicott Mountains. These are, 
from east to west, its Middle Fork or chief headwater branch, the 
North Fork, and Wild, John, and Alatna rivers. All but the extreme 
northern headwaters of the first four of these tributaries are shown 
on the map and will be described. Only a few miles of the lower 
course of the Alatna comes within the area mapped, so it will not be 
considered. There are also two large eastern branches of the Koyu- 
kuk — the South Fork and Kanuti River. The wide basin drained 
by all these rivers comprises the upper or northeastern half of the 
Koyukuk Valley, which is practically the area shown on the western 
half of the map (PI. I, in pocket). 

KANUTI RIYEB. 

Kanuti River was surveyed in 1901 by the Geological Survey 
party in charge of W. C. Mendenhall,^ who describes it as follows : 

The Kanoti Blver Is approximately 200 miles long. ^ ^ * It heads In the 
same moontalns [Hodzana highland belt] whose northern slopes are drained 
by Fish Greek and Jim River, but within u few miles of its source [opposite 
the west branch of Dall RiTerj it enters a relatively flat basin, 9 or 10 miles 
long and half as wide, which contains a number of small lakes and ponds 
although standing at nn elevation of between 1,200 and 1,400 feet This basin, 
like all gdmllar topographic features In the North, whatever their relation to 
sea level, is a marsh, covered with the usual tundra growth. At its lower end, 
in longitude 150** 45' west, the river enters a restricted valley, so steeply walled 
in places as to deserve to be called a canyon, and haviTig a maximum depth 
of 2,000 feet. The gorgelike character prevails for about 30 miles, and through 
much of this portion the river can scarcely be called navigable, since it is a 
succession of rapids, and the channel throughout is obstructed by bowlders of 
all sizes. Below this stretch the valley gradually broadens, and near the camp 
of July 12 160 miles from the Koyukuk] Is an extensive flat, which Is perhaps 
fi part of the broad basin in which the lower portion of the South Fork of the 
Koyukuk flows. 

Within this lower basin the Kanuti River receives a large tributary from the 
south in the directiou of the sources of the Tozl [Tozitnaj and Melozl 
[Melozitna]. 

About 25 miles above its mouth the river plunges Into a second canyon about 
10 miles long and 600 feet in depth. This is the most beautiful section of the 
river; the stream is swift but free from dangeroua rapids, and the bluffs of 
Blate and sandstone rise sheer from the water to a height of several hundred 
feet. Ten miles above the mouth It receives the waters of the Mentauontll, 
descended by Lieut. Allen In 1S85 after his overland journey from the Yukon. 

The hills which border this lower section of the Kanuti River and adjacent 
parts of the Koyukuk are seldom more than 1,600 feet in height, are not 
excessively steep, and are well timbered. 

SOITTK FOBX OF THE KOYTTKUK AKD TEZBVTABIBB. 

The South Fork of the Koyukuk is one of the largest and longest 
branches of that river. It rises about 10 miles west of Chandalar 



^ Mendenhall, W. C. A reconnalsaance from Fort Hamlin to KotaelNM Soond, Alaska : 
Prof. Paper U. 8. G«ol. Survey No. 10, 1902, pp. 22-23.. 
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Lake, or just south of the headwaters of Settles River, and flows 
southwestward about 175 miles to join the Koyukuk about 480 miles 
from the Yukon. At its confluence with the main river it is about 
two-thirds the size of the Koyukuk above that point. Its general 
course is parallel to that of the Middle Fork, which lies northwest 
of it The main channels of the Middle and South forks are nowhere 
more than 25 miles apart, and at one place a few miles below Tram- 
way Bar on Middle Fork their main channels approach within 7 
miles of each other. 

The upper 20 miles of the South Fork valley lies within a rugged 
part of the southern Endicott Mountains just west of Chandalar 
Lake. The mountains forming the divide about its source stand over 
6,000 feet above sea level, or about 4,000 feet above the valley bottom. 

Below this headwater section the river flows through a flat basin 
area about 15 miles long and 5 miles broad that stands about 2,000 
feet above sea level and is partly filled with grayels and silt. 
This basin is part of the pronounced east-west depression which 
extends from the Chandalar to the Koyukuk (see pp. 14, 19) and 
which separates the southern flank of the higher Endicott Moun- 
tains from the northern slopes and outlying ridges of the lower Hod- 
/.ana Highland to the south. The river flows through this basin by 
a winding course, and on both sides of it there are a number of lakes 
and ponds scattered over the valley floor. At its northeast comer 
a broad gravel and silt ridge, whose wide, flat top is only a few hun- 
dred feet above the South Fork, or about 2,350 feet above sea level, 
passes over to the head of Crooked Creek, the tributary of the Chan- 
dalar that drains the northern part of the depressicm already de- 
scribed. The gravel and silt deposits of the basin are continuous 
with those along the valley of Crooked Creek. A similar but nar- 
rower gravel and silt divide passes from this basin westward to the 
valley of Slate Creek at approximately the same elevation (2,350 
feet) as the divide to Crooked Creek, and the deposits of gravel and 
silt continue down the valley of Slate Creek to the Middle Fork of 
the Koyukuk. The stream that drains eastward into South Fork 
from the Slate Creek pass is named Bowlder Creek because of the 
continuous bed of bowlders it has concentrated from the unconsoli- 
dated deposits through which it has eroded its course. 

The South Fork flows from the lower or southeast end of this 
basin by way of a mountain gorge about 7 miles long. The moun- 
tains on either side are about 3,500 feet high, or 2,000 feet above 
the river. Southeast of this mountain section the river again enters 
the Koyukuk-Chandalar depression, already described. Here the 
river has intrenched its channel to a depth of about 100 feet for 
about 5 miles directly southward across these unconsolidated deposits, 
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beyond which it is joined by Mosquito Creek, a large tributary from 
the east. 

Mosquito Creek has one of its two sources between South Fork and 
the head of Crooked Creek, in a shallow basin of the same uncon- 
solidated sediments that are so widespread over this depression. 
Like most of these basins it contains a number of small lakes and 
ponds. This branch flows southward for about 10 miles through 
the basin and is then joined by another branch from the southeast 
which is opposite the West Fork of the Chandalar and whose sources 
drain a part of the northern portion of the Hodzana highland. 
The wide pass between the West Fork of the Chandalar and this 
branch of Mosquito Creek stands at a little more than 2,500 feet 
above sea level, and a mantle of unconsolidated water-washed sedi- 
ments appears to extend across it from one basin to the other. From 
the junction of these two upper branches of Mosquito Creek the 
main stream flows southeastward for about 15 miles to join South 
Fork, as already noted. Throughout this distance it is intrenched 
to an average depth of at least 100 feet into the more or less assorted 
outwash deposits of gravel, bowlders, and silts that fill practically 
all the wide depression between the Chandalar and Koyukuk below 
the level of 2,500 feet. Between the South Fork and Mosquito Creek 
is a bench of these unconsolidated deposits whose flat surface rises 
gradually from an elevation of 1,500 feet along the South Fork to 
2,000 feet at the southeast end of a narrow mountain ridge 5 miles 
to the northeast. There are several good-sized lakes on this Bench 
toward the mountains. The narrow ridge extends northeastward 
for about 15 miles between the upper South Fork and Mosquito 
Creek basins. Several peaks on its southeast end rise to about 4,000 
feet, but its height decreases toward the northeast to low knolls be- 
tween 2,500 and 3,000 feet high that correspond in appearance and 
elevation to the similar knolls and wide flat ridges of bedrock be- 
tween Crooked Creek and the West Fork of Chandalar River. 

From the confluence of the South Fork and Mosquito Creek the 
enlarged river flows to the southwest between the northwestern 
front of the Hodzana highland and the southern margin of the un- 
consolidated deposits for a distance of about 25 miles, swinging to 
the northwest in the lower third of this section and then turning at 
right angles to the southeast again before flowing through another 
mountain-gorge section for 20 miles. The mountains of this section 
rise about 3,000 feet above sea level, or from 1,500 to 2,000 feet above 
the river. 

After passing through this last group of mountains the South 
Fork is joined from the northeast by another large tributary named 
Jim River. From this point to its confluence with the main Koyu- 
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kuk it flows with a crooked course for 65 miles through the flats. 
About halfway between Jim Biver and its mouth the South Fork is 
joined from the east by a third large tributary, Fish Oeek. 

All the large tributaries of South Fork enter it from the east, 
Jim Kiver and Fish Creek being the largest. On the divide between 
these streams and Dall and Hodzana rivers the passes from one 
drainage basin to the other are from 2,500 to 3,500 feet above sea 
level. The headwater streams of all these rivers have eroded deep, 
narrow valleys to a depth of 500 feet or more, below the general 
level of the Hodzana highland. The interstream areas between Jim 
River and Fish Creek have the form of flat, even-topped ridges, 
which have the appearance of mesas (PI. II, A^ p. 12). To the 
north, however, Jim River drains an area of more rugged mountains, 
one of the groups which rise above the general level of the Hodzana 
highland (PL II, B), 

MIDDLE FOBX OF THE XOYUKUX AMD TBIBirrABZSB. 

The name Middle Fork is here used to designate that branch of the 
Koyukuk which is formed by the confluence of Dietrich and Bettles 
rivers and flows southward and westward about 75 miles to the point 
where it is joined by the North Fork 37 miles below Coldfoot. Mid- 
dle Fork is the largest headwater tributary of the Koyukuk, and if 
Dietrich River is considered the principal source of the Koyukuk, it 
is in reality the main river. Like the North Fork of the Chandalar, 
the Middle Fork of the Koyukuk has its source on the Arctic divide 
far back in the Endicott Mountains, through which it flows south- 
ward by way of a deep valley that has a gravel-filled floor from 1 to 
2 miles wide with rather abrupt mountain slopes on either side rising 
to an average height of 8,000 feet above the river. Its gradient is 
rather uniform, being about 20 feet to the mile from a point far up 
Dietrich River to Coldfoot, at the mouth of Slate Creek, where the 
narrow mountain valley widens out and its gravel flood-plain coal- 
esces with the widespread sheet of outwash gravel deposits that are a 
continuation of those extending from South Fork. Although the 
Middle Fork rims on bedrock for a short distance at the mouth of 
Gold Creek, and perhaps at other points above this place, it has no 
rapids. Its current, however, is strong throughout its course in the 
Endicott Mountains and it flows over many cobble bars in swift 
riffles. 

As many of the details of the drainage basin of that part of Middle 
Fork which lies within the Endicott Mountains will be considered in 
connection with the discussion of the gold-bearing placer deposits 
(pp. 84^105), it is not necessary to give further attention to this 
subject here. 

From the southern edge of the Endicott Mountains just north of 
Slate Creek the Middle Fork flows through a region of lower relief, 
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whose topography is varied by low mountains, wide, flat, gently 
sloping ridges, and a few areas of basin lowlands. The river turns 
more to the southwest and flows for about 65 miles through this sec- 
tion of lower relief to John River. Along the lower half of this sec- 
tion the channel is near the northern slopes of a group of mountains 
that lie between it and the South Fork, or along the southern margin 
of the gravel outwash fill that extends with an average width of 5 
miles from Tramway Bar to the mouth of John River. This out- 
wash deposit is apparently in large part a continuation of the similar 
deposits that are so widespread between Tramway Bar and South 
Fork. From John River the Koyukuk turns southward and skirts 
the low slopes of mountains that lie along its west side to its con- 
fluence with the South Fork, a distance of 35 miles. Throughout this 
uorth-south part of its course silt flats, 20 miles wide, extend between 
it and South Fork on the east. The basin occupied by these silt de- 
posits has already been described. 

ClilMATE. 

The winters in the Koyukuk-Chandalar region are long and severe, 
the temperature being below zero most of the time. Temperatures of 
—70® have been reported. The average temperature for the three win- 
ter months is about —15® F. and for the three summer months about 
55® F. The summers, lasting from about the end of May until the 
middle of September, are characterized by clear weather with only 
occasional light showers. Brief records indicate that the total an- 
nual precipitation on the Koyukuk is between 11 and 12 inches. It is 
probable that the precipitation within the high ranges is somewhat 
greater, but there are no records to substantiate this supposition. 

The principal supply of water in this region used in placer min- 
ing is derived from snow, but a moderate rainfall during the summer 
also adds a variable and uncertain amount to the total stream flow. 
The snowfall over this region is not great in average amount, and it 
is only the great length of the winter season, from October to April, 
Uiat enables an average depth of 8 to 4 feet of it to accumulate. 
Most of the snow melts and passes away during May, when th& 
streams are at their maximum flood stage.' The larger streams con- 
tinue to flow strongly during most of June, after which there is a 
subsidence with spasmodic increases until colder weather in Sep- 
tember changes the precipitation into snow, freezes the higher moun- 
tain slopes, and lessens the flow. Early in October the rivers become 
frozen over, and although there is still some flow of water in all the 
larger valleys, as is made manifest by frequent outbursts from undei 
the ice, these rarely do more than form temporary local accumula- 
tions of ice, which disappear the following May. Sometimes, how- 
ever, these overflows of water from beneath the ioe continue through- 
out the winter and form considerable masses of flood-plain ice, called 
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"glaciers" by the miners, which are not oitirely removed during the 
following short summer and become somewhat permanent features. 

The rugged topography of this region presents many high, cold 
sheltered slopes and mountain-surrounded basins in which a consid- 
erable part of the snowfall does not melt rapidly, so there is generally 
a reserve flow of water in all the larger streams throughout the sum- 
mer, but on the smaller creeks water sometimes becomes too scanty 
for the effective handling of the gold-bearing gravels, and the miners 
must depend on uncertain rainfalls, especiaUy during August. 



The short summers, because of the long days, are generally warm 
eaough to allow hardy vegetables to be grown to a good state of 
maturity in properly prepared gardens :n the bottoms of the larger 
valleys, hut killing frosts may occasionally occur in tsad^ummer, even 
in the most favorable situations. 

VEGETATION. 

The fiats of the Koyukuk-Chandalar region are timbered, and the 
forest growth extends up the mountain slopes and valleys to an alti- 
tude varying from 2,000 to 3,000 feet. A sketch map showing the 
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distribution of timber is reproduced as figure 2. The timber is 
largely spruce, but poplar, birch, alder, and willow also occur. 
Spruce trees as much as 2 feet in diameter are found in the lower 
courses of some of the larger rivers. This size is exceptional, how- 
ever, and most of the spruce averages less than 1 foot at the base. 
Grass suitable for stock is found in some open meadows in the flats 
and on the uplands above timber line. Moss is the prevailing vege- 
tation at altitudes above 4,000 feet. Of the wild fruits blueberries 
are the most ccxnmon, but red currants and cranberries are also 
found. 

ANIMAIi UFE. 

Large game is no longer found in the vicinity of the long-estab- 
lished mining camps. The region, as a whole, however, contains 
moose, caribou, mountain sheep, and bear. Of these the sheep and 
bear are most abundant. Other mammals in the region include gray 
wolves, mink, and ground squirrels. Ptarmigan and grouse are 
abundant in many parts of the region, and in summer geese and 
ducks are found along the streams and lakes. Salmon run up the 
Chandalar in summer, but do not reach the lake. Among other fish 
of the region are trout, grayling, pickerel, and whitefish. The 
native inhabitants rely on the fish and mammals for a large part of 
their food supply. 

POPULATION AND SETTLEMENTS. 

The white population of the Koyukuk region since 1900 has not 
been large. In the Klondike rush 1,000 or more inexperienced gold 
seekers entered the Koyukuk Valley in the fall of 1898, but nearly 
all of them departed during the early summer of 1899 and only about 
100 of the more hardy ones remained. Although a revival of interest 
was caused in 1900 by the discovery of gold on Myrtle Creek and the 
reports of rich finds on Hammond Creek and the population again 
reached 1,000 or more, by 1901-2 it had dwindled to about 200. 
About 350 are reported to have been there in 1903-4, and since then 
the average population of the district has been about 200 persons. In 
addition to these there are some natives both in the Chandalar and 
Koyukuk districts. The census of 1910 gives a total population, 
both whites and natives, for the entire region, of 823. This, however, 
includes the settlements on the lower Koyukuk. 

Since mining was established in 1900 the principal settlement in 
the Koyukuk region has been the town of Coldfoot, located on Koyu- 
kuk River about 586 miles from the Yukon, at the mouth of Slate 
Creek. Here the postal and recording offices are established; but 
about 1908 a new settlement was formed 16 miles farther up the 
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Koynkuk, at the mouth of Wiseman Creek, and this place is now the 
largest town in the district. 

A small group of cabins on the north bank of Chandalar River near 
the mouth of Flat Creek is named Caro. This place is about 110 
miles from Fort Yukon and 35 miles from the placer diggings at the 
head of Big Creek. During 1907-8 it had a small population of 
whites and contained the postal and recording offices for the district. 
At present only a few natives remain, and the mining population of 
the district consists of some 20 or 30 white men, including the record- 
ing officer for the district, who reside near their claims about the 
head of Big Creek. 

TRANSPORTATION AND TRAILS. 

There is only one natural highway for approaching the Koyukuk 
district — that by way of Koyukuk River. From the middle of June 
until early in September the main Koyukuk may be ascended by 
medium-sized stem-wheel steamboats having a draft of about 2 feet. 
By this means all the supplies for the region are now transported up 
the river to the vicinity of a warehouse station named Bettles, a few 
miles below the mouth of John River and about 60 miles below Cold- 
foot. During some seasons of low water it has been found imprac- 
ticable to reach Bettles, and at certain periods of high water it is 
possible for steamboats to ascend a short distance above that place. 
The general practice is to take all supplies from Bettles, or a point 
near by, upstream to Coldf oot or the mouth of Wiseman Creek during 
the summer by shallow-draft scows that carry from 8 to 12 tons, 
towed by horses (PL VIII, -4, p. 86), or by poling boats that carry 
about 1 ton, propelled by men. Both methods are tedious and ex- 
pensive. From June 15 to September 15 may be considered the boat- 
ing season on the Koyukuk. 

Some freight has been hauled in winter on horse or dog sleds up 
the river from Bettles, and during the earlier years of development 
this was the common practice. At present this method is used for 
distributing supplies to the places of mining on the various creeks, 
supplemented to a small extent by packing with horses during the 
summer. 

The freight charges during recent years have been, from Seattle 
or San Francisco to Bettles by ocean and river steamboats, 4 to 6 
cents a pound; from Bettles to the mouth of Wiseman Creek by 
horse- towed scows, 6 to 8 cents a pound. Thus, it costs from 10 to 
14 cents a pound, or $200 to $280 a ton, for freight charges alone 
from Seattle or San Francisco to the mouth of Wiseman Creek foi 
all the merchandise brought into the Koyukuk district. Winter 
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sledding of freigfat from Coldfoot to Nolan Creek is done for 4 cents 
a pound, and horse packing in summer from the mouth of Wiseman 
Creek to Nolan Creek for 6 cents a pound. 

Practically all the passenger travel to or from the Koyukuk is by 
boat during the summer, and the heavy mail is also delivered during 
the open season. 

There is also a sunmier overland route, seldom used, that leaves the 
west bank of Yukon River a little above and opposite the abandoned 
trading post called Fort Hamlin and follows the low ridges and 
benches that form the western border of Dall River valley, crosses 
the west fork of this river about 45 miles by the trail from the Yukon, 
goes over the mountains to the north into the headwaters of the 
south branch of Fish Creek, thence passes over the western ridges 
and slopes of the moderately high mountains that form the divide 
between the eastern tributaries of the Koyukuk and the headwaters 
of the Hodzana, crosses the Mosquito and South forks, and goes 
through Sitkum Pass and down Slate Creek to Coldfoot. This route 
is about 150 miles long, but because of the intricate arrangement of 
the various streams, the roundabout way it follows over the moun- 
tains above timber line, and the fact that the so-called trail is recog- 
nizable in only a few places below timber line, it is difficult to follow 
and is suitable only for cattle or packhorse outfits or pedestrians with 
jTuides who know the country. (See PI. I, in pocket.) 

To reach this district during the winter or closed season it is neces- 
sary to travel with dog-drawn sleds. A monthly winter mail service 
of this kind is maintained and a few persons occasionally travel in 
this manner. The present winter mail route goes down Koyukuk 
River from Coldfoot to the vicinity of Bergman, then across the 
lower valley of Kanuti River and over the low mountains forming its 
southern boundary into the upper drainage basin of the Melozitna, 
thence southeastward across another low mountain divide into the 
upper valley of Tozitna River and down that valley to the town of 
Tanana, on the Yukon, where a connection is made with the Yukon- 
Tanana mail route to Fairbanks. The distance from Coldfoot to 
Tanana by this route is about 220 miles. Previous to 1906 mail, both 
in winter and summer, was carried to Coldfoot from Fort Yukon up 
Chandalar River and its West Fork, over a low divide, across the 
valley of the South Fork of the Koyukuk, over another low pass, and 
down Slate Creek to its mouth. The distance by this route is about 
175 miles. 

During 1910 the Alaska Road Commission commenced the con- 
struction of a trail for winter sledding and summer horse packing 
from Yukon River, which is intended to serve both the Chandalar 
and the Koyukuk districts. This trail leaves the Yukon at a newly 
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esUblidied settlement named Beaver, situated on the north bank of 
the river aboot 100 miles below Fort Ynk<Mi. It follows a general 
northwesterly direction for abont 80 nules from Beaver along the 
rolling ridges that separate the valleys of Orenzik and Hodzana 
rivers to the divide between them and the Chandalar. Thence it 
forks into two branches, one to c<mtinne northwesterly across the 
npper part of the West Fork of the Chandalar, across the South 
Fork to the Koyukuk, and down Slate Creek to Cold foot; and the 
other to cross the Chandalar Biver near Caro and continue north- 
eastward up the Middle Fork of the Chandalar to Grave Creek and 
up Grave Creek to Little Squaw Creek. During high water small 
boats can ascend the Chandalar for about 75 miles. 

OEOIjOQY. 



The Koyukuk-Chandalar region is one of diverse geology, and 
the fragmentary data at hand do not permit a full analysis of all 
the many problems it presents. 

The most widely distributed bedrock of the region is a series of 
metamorphosed sediments, including scmie altered igneous rocks, 
which are here correlated with the Birch Creek schist of the Yukon- 
Tanana region. These rocks are succeeded to the north, along the 
central belt of the Endicott Mountains, by a massive semicrystalline 
limestone, interbedded with some argillites of Paleozoic age, prob- 
ably Carboniferous. In the western part of the regicm there is a 
complex of ancient volcanic rocks, with some cherts and argillites, 
also believed to be of Paleozoic age (Devonian?), and probably 
older than the limestone just mentioned. 

Mesozoic sediments are represented by a series of limestones, cal- 
careous sandstones, and arkoses with some volcanic rocks, which 
are regarded as of Cretaceous age. There are also one or two small 
areas of loosely consolidated conglomerates, sandstones, and shales 
with lignitic coal beds, which are with reasonable certainty assigned 
to the early part of the Tertiary period. 

The Quaternary is represented by widespread deposits of both fine 
and coarse glacial outwash, which occurs both as fills in deeply 
eroded bedrock depressions, the bedrock floors of which are below 
the present drainage gradients, and as terrace deposits above the 
present stream levels. The recent stream gravels and silts are largely 
reconcentrations from the older terrace deposits. Both consist of 
gravels, sands, and silts. Glacial moraines are also found in the 
northern half of the regicm. 
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The igneous rocks include, besides the volcanic rocks mentioned 
above, large areas of granitic and dioritic intrusive rocks as well as 
stocks and dikes of similar composition. The intrusive rocks are 
locally altered to gneisses. Diabase dikes and sills also occur in some 
of the f<»rmations, notably in association with the ancient volcanic 
rocks already described. On the lower part of Chandalar River an 
area of Quaternary or Tertiary volcanic rocks has been noted. 

The dominant structural lines trend a little north of east, thus 
paralleling both the Yukon Valley below the great bend on the south 
and the main axial line of the Endicott Mountains on the north. The 
older schists are closely folded, but the Paleozoic limestone series is 
thrown up into more open folds with many faults. The Mesozoic 
and Tertiary sedimentary formations are but little disturbed as com- 
pared with the older rocks. They are, however, locally folded to 
some extent and generally more or less tilted and faulted. 

GEOIiOGIC MAP. 

The principal geologic features of the region are graphically sum- 
marized on the map (PI. V, in pocket). In the preparation of this 
map extensive use has been made of the surveys by Schrader and 
Mendenhall, whose results have been interpreted by the writer in 
accordance with his own views of the sequence. As no one geologist 
has covered the entire field, correlations for purposes of cartography 
must necessarily be uncertain and the relations of the various forma- 
tions generalized. It is believed, however, that while this map is 
far from being accurate it may serve as a useful guide to prospectors 
by indicating the general distribution of the schists, which are the 
source of the placer gold, as well as the most important intrusive 
masses, which are believed to have influenced the gold-bearing miner- 
alization in the schistose bedrock. The mapping of the Mesozoic 
rocks is also important to the prospector, as these rocks are not likely 
to be found gold-bearing over belts of any extent. Where they are 
locally intruded by granite rocks, however, they may contain small 
bodies of contact-mineralized rock, which yields placer gold, as is 
the case in the well-known Iditarod district about the head of Flat 
Creek. 

70032*— Bull. Sa^-lS 8 
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GENERAL SECTION. 



The following table shows the geologic column in this region in a 
generalized manner: 

Oeneralized atraiigraphio sequence in the Koyukuk-Chandalar region, Alaska, 



Eim. 



-a 



System. 



Qiutflrnary. 



Unoonformity. — 
Quatoniary or Ter- 
tiary. 
Unconformity. — 



Tertiary. 
Unconformity. 



CretaceoQs. 



Unconformity. — 
Carboniferous (?). 



Devonian (?). 
Unconformity. 



Pre-OrdoTician (?) 
(Birch Creek 
schist). 



Recent. 

Unconformity.- 

Pleistocene. 



Lithologic character. 



Stream crayels, sands, and sflts, with muck, peat beds, 
and "flood-plain " ice. also some glacial deposits within 
the Endicott Mountains. 



Terrace and basin-flll sflts, days, sands, and cravels, with 
widespread glacial oatwash along the soathem border 
of the Endicott Mountains. 



Etrusives, basaltic and indesitic laras and tulls. 



Shales, sandstones, and conglomentas, with some Ugnitio 
coal beds. 



Limestones, calcareous sandstones and shales, and 
arkoses, with some yolcanio rocks, and possibly soma 
coal beds. 



Granitic and dlorltie intnisire rocks, locally sheared and 
gnelssoid, possibly not all of Mesosolc age. 



Massive cryttalline and semicrystalllne limestones with 
schistoseoands. 



Cherts, slates, quartsltes, and thin beds of limestone, with 
basic igneous rocks, tuiZs, and alteration phases, some 
doubtral greenstones and homstones. 



Quart»-mica schists, schistose quartxite, phylUtes, slates, 
amphiboUte schist, and highly crystalline limestone. 
Cut by granitic and dioritic hitrusive rocks, mostly of 
Mesosolc age, but some possibly of Paloosoic age. The 
gold-bearing formation <u the r^on. 



BIBCH CBEEX SCHIST (PSE-OBDOVICIANP). 

GENERAL FEATURES. 

The Birch Creek schist is in the main composed of highly altered 
sandstones and shales. Most of the rocks included in this formation 
have been sufficiently metamorphosed to be in large part recrystal- 
lized. The most common rock types are quartzite schists, always 
containing considerable mica, and finely foliated micaceous and 
graphitic schists. In the Koyukuk placer district this formation is 
largely represented by carbonaceous schists, phyllites, and slates. 
Within the area here mapped as Birch Creek schist there are also 
some foliated amphibolites or hornblende schists and a few limestones 
of a highly crystalline and in some places schistose texture. The 
highly altered igneous rocks of the amphibolite (hornblende) schist 
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LIMESTONE CLIFF'S SOUTH OF SETTLES RIVER, A POSSIBLE FAULT SCARP. 
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type, in part at least, most probably represent metamorphosed basic 
volcanic rocks that flowed out and became more or less conformably 
incorporated with the sedimentary rocks comprising the main part 
of the Birch Creek schist when they were deposited. This inference 
is drawn from the fact that the igneous schists are in some localities 
apparently interbedded with the schists of sedimentary origin, and 
if it is generally correct the relative positions, attitudes, and dis- 
tribution of some of the amphibolite schists may have more or less 
stratigraphic significance. On the other hand, in some places these 
altered basic igneous rocks appear to cut across the sedimentary 
rocks that contain them, so until the details of their various forms 
of occurrence are closely studied they will be of little aid in decipher- 
ing the history of the schists and can not be separated from them. 
In addition to these old basic, lavalike rocks the schists also contain, 
in some areas, large amounts of acidic intrusive rocks of granitic 
and dioritic kinds, which in some places are closely associated and 
here and there appear to intergrade in composition. The granitic 
rocks occur both in large, massive intrusive bodies, locally por- 
phyritic, and in more narrow dikelike forms, which were evidently 
injected into the country rock, for the most part at a time consid- 
erably after the schistose structure of the sedimentary deposits had 
reached an advanced stage of development. 

The schists and the igneous rocks they contain constitute two very 
widespread belts of bedrock in this region. (See map, PI. V, in 
pocket.) One of these belts forms a large part of the Hodzana high- 
land, the irregular area of moderately mountainous relief bounded 
on the south and east by the Yukon Flats, on the northwest by the 
Koyukuk Valley, and on the north by a broad depression which 
separates the highlands from the southern foothills of the Endicott 
Mountains. (See p. 13.) 

The other schist belt makes up the southern ranges and foothills 
of the Endicott Mountains. The schists are bounded on the north- 
west by massive crystalline limestones, beneath which they appear 
to dip, although the contact relations may be those of faulting. 
(See PL VI, ^1.) This schist belt varies in width from 16 to 30 
miles, and extends southwestward from the general vicinity of 
Chandalar Lake across the Middle Fork of the Koyukuk to and be- 
yond John River. 

In this region these two belts of schists have been examined only 
along the routes followed in reconnaissance field work, which neces- 
sarily covered but a small portion of the area occupied by a series of 
rocks of widespread distribution. Consequently the present knowl- 
edge of the characters and relations of the Birch Creek schist in this 
region is too incomplete to permit the separation of the formation 
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into definite subdivisions. Mendenhall,^ who examined that part of 
the Hodzana highland schist belt i^bout the headwaters of Dall and 
Kanuti rivers, grouped all the schistose sediments and their associ- 
ated igneous rocks of various type and relations together under the 
general title " metamorphic complex." He considered this diverse 
complex to include, in whole or in part, the equivalents of the Birch 
Creek schist and the Fortymile " series " * so widely distributed south 
of Yukon River; the Kigluaik group, Kuzitrin formation, and Nome 
group of Seward Peninsula ; and the " Rapids " schist and " Lake 
quartzite schist " of the northern schist belt of the Koyukuk-Chanda- 
lar region. This broad classification was suggested because it ap- 
pears to be the only practical way of grouping together all the older 
rocks, which present many of the same characteristics and general 
lithologic features and also show considerable although varying 
metamorphism, which affects all the rock types however diverse; 
and because it affords a dear basis for separating them from the 
younger unaltered, or but little altered, sediments and lavas that 
occupy the intervening areas. 

LITHOLOOY, DISTRIBUTION, AND STRUCTURB. 

DALL RIVER AREA. 

Mendenhall * describes the rocks of the Dall River area as follows : 

[Metamorphic complex]. — The old rocks [of the metamorphic complex] were 
first encountered along upper Dall River, where the hills in which it heads rise 
from beneath the silts of the Yukon Basin [Flats]. It is out of these rocks and 
the granitic intrusives which cut them that the broad ridges and spurs were 
carved from which the waters of the Dall, Swift [Hodzana], and Kanuti 
rivers and many Koyukuk tributaries flow. The phase most commonly dis- 
played here is a fine even-grained quartz-biotite schist, with very fine and 
straight lamination — a true meUimorphic rock of uncertain origin. This type 
makes up the great mass of the schistose rocks of this area. With the in- 
trusives which cut it, it forms the divide between the Yukon and the Koyukuk 
and the higher parts of the branching spurs where these were examined. 
♦ • ♦ Away from the intrusive centers the rock is oftener coarser, less 
qnartzose, and less finely and evenly laminated. Other micas than biotite 
sometimes appear, and by gradations schists are encountered which are clearly 
sediments carrying graphite and calcite. Interbedded with schists like these 
[on both the Dall and the Koyukuk sides of the divide] are three or four bands 
of gray, often very coarsely crystalline limestone, standing at high angles and 
striking nearly east and west. 

South of the flats at the head of the Kanuti River a series of dark fine- 
grained slates and dark quartzites form the lower slopes of the wall of the 
valley. 



1 Mendenhall. W. C, ReconnaiRsance from Fort Hamlin to Kotzebue Sound, Alaska : 
Prof. Paper U. 8. Geo!. Survey No. 10, 1902, pp. 31-37. 

sSpurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept 
U. 8. Geol. Survey, pt. S, 1898, p. 140. 

•Mendenhall, W. C, op. clt., pp. 32-38. 
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IntruHvet. — ^The schists [of the Hodzana highland] are eztensively cut by 
uniform bodies of granite porphyry, which in some parts of the region occupy 
greater areas than the rocks into which they have been forced. These masses 
are particularly abundant north of the upper course of the Kanuti River [on 
the divide between it and the southern branch of Fish Creels] and among the 
bills northwest of the eastern branch of the Dall. * * * 

On the [west side of the main! Dall River [a few miles above the point 
where it leaves its valley to enter the Yukon Flats] granites which are not 
porphyritic and not schistose, though deeply weathered, outcrop along the 
stream section [and extend south west ward, forming the foothills that bound 
the northwestern part of the Yukon Flats. These are intruded into the schists. 
About 15 miles west of the mouth of Dall River a massive body of porphyritic 
granite forms a rounded mountain about 3,(X)0 feet high]. On the hill slopes 
to the north [of Dall Riverl occasional narrow and compact acid dikes are 
exhibited. These are regarded as offshoots from the main intrusive mass. 

In addition to these unaltered intrusives, gnelssold porphyritic rocks of gran- 
itic and dloritic composition occur in the schists. Sometimes the crushing has 
gone so far as to suggest that some of the biotite schists may themselves be de- 
rived from igneous rocks of like character, but as no instance was observed in 
which the distinction could not be clearly made, this suggestion remains un- 
proved. It is true, however, that the intrusion began before the metamorphic 
action had ceased, so that the earlier intrusives were greatly affected by it. 

The geologic time at which the granitic intrusive activity was at 
its maximum development is not determinable from any stratigraphic 
evidence in the area under consideration, but its general development 
in other parts of Alaska, especially throughout the widespread areas 
occupied by the Birch Creek schist, indicates it to be a characteristic 
event of much geologic importance, both historically and economi- 
cally, for in many places the bedrock mineralization that has been 
stimulated by these intrusions seems to have produced the gold- 
bearing zones from which the placer gold has been derived. In cer- 
tain areas of minor extent the Birch Creek schist is unconformably 
overlain by sediments of Cretaceous age, both the younger sedi- 
mentary rocks and the old schists being cut by the same granitic 
intrusive rocks which occur so commonly in some portions of the 
schists. F'rom this evidence it is provisionally inferred that most 
of the granitic rocks were intruded during later Cretaceous time. 
Although at some localities the Cretaceous sediments are somewhat 
generally altered over considerable areas, at others they have been 
affected only slightly by contact metamorphism. This might be 
interpreted as evidence that the more active metamorphic influences 
culminated at about the close of the period of granitic intrusive 
activity. 

The schists that extend northward from Fish Creek to the southern 
branches of Jim River appear to be quite free from intrusive rocks, 
but the northern front of the Hodzana highland, from the headwaters 
of Jim River eastward along the south side of the Chandalar Valley 
to a point opposite the mouth of the East Fork of the Chandalar, 
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is made up largely of a belt of intrusive granitic rocks. The west 
end of this belt of rocks is composed mostly of porphyritic granites. 
Toward its east end, along the south side of the Chandalar, it is in 
large part a gneissoid granite which is considerably crushed and 
sheared and shows the effects of dynamic action, being in some places 
so highly sheared and altered as to partake of the nature of a 
granitic mica schist In some zones the rock is so folded, jointed, 
and cleaved that it can not be distinguished ordinarily from a true 
biotite schist. These older phases are intruded by an apparently 
younger and fresher-looking granitoid rock, which is medium grained 
and more or less porphyritic On fresh surfaces this rock has the 
appearance of a typical gray granite; in composition it is found to 
be a granodiorite. It occurs as dikes in the gneissoid rocks, which 
are also cut by narrow acidic aplite dikes of a light-gray color com- 
posed of fine and even grained quartz and feldspar, with a very small 
amount of green, apparently chloritic mica. 

Along the south side of Chandalar Kiver the granitic rocks have 
a known extent of 25 miles. From the reports of prospectors they 
are judged to continue westward to the area known to occur on upper 
Jim River and southward for some distance as the most common 
rock o^ the broad, even ridges and higher mountain areas in the 
northern part of the Hodzana highland. 

The dominant bedrock structural features throughout the Hodzana 
highland trend generally in directions from east-west to northeast- 
southwest, and the longer dimensions of the intrusive masses and 
dikes usually follow the trends of the schists that contain them. 

KOTVKTJZ-CHAinOALAR ABEA. 
GENERAL FEATURES. 

The Birch Creek schist as developed in the northern Koyukuk- 
Chandalar belt was provisionally divided into three formations by 
Schrader, who separated the schists on the basis of lithologic and 
structural differences, which, though evident enough at particular 
localities, have not yet been studied with sufficient detail to make it 
possible to distinguish and separate their varying phases with facility 
throughout the region. It will be impracticable to apply these prob- 
able divisions of the metamorphosed sediments with any degree of 
exactness until their areal development and distribution have been 
carefully traced and plotted upon a map of sufficient detail to show 
their complicated structural and lithologic interrelations. The three 
divisions of schistose rocks recognized by Schrader * were named — ^in 
ascending order from those which he at that time thought the oldest — 

1 Schrader, F. C, Preliminary report on a reconnaissance along the Chandlar and 
Koynkuk rivers, Alaska, in 1809 : Twentj-flist Ann. Kept U. 8. Oeol. Surrey, pt. 2, 1900, 
pp. 472-475. 
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the Rapids schist, the Amphibolite schist, and the Lake quartzite 
bchist. Schrader considered that only the youngest of these three 
divisions, the " Lake quartzite schist," might probably be correlated 
with the Birch Creek chist, as originally defined by Spurr ^ in the 
Fortymile and Birch Creek placer districts, south of Yukon River, 
where this name was applied to a group of rocks '' consisting mostly 
of quartzite schists, grading into finer-grained, often graphitic 
schists." Schrader also recognized, however, the possibility that the 
^^ Rapids " schist is merely a lithologic phase of the lower part of 
the " Lake quartzite schist " — in other words, that these two divisions 
should be more properly considered as comprising one unit, for he 
says, " It [the " Rapids " schist] seems to underlie the Lake quartzite 
bchist, but may prove to be a lower member of this series, so altered 
by metamorphism as to bear little resemblance to the general [and 
more widespread] type [of the " Lake quartzite schist "]." For the 
present, at least, the writer is inclined to consider the schists of sedi- 
mentary origin as a unit rather than attempt to separate them. In 
this connection it may also be well to suggest the possibility that the 
amphibolite schist is in reality younger than the "Lake quartzite 
schist," on the ground that it may represent a highly metamorphosed 
phase of diabasic or dioritic effusive or intrusive rocks which were 
either poured out upon the sedimentary beds of the " Lake quartzite 
schist " before they were altered into their present highly schistose 
condition or intruded into them before or early enough during the 
period of their metamorphism to have suffered the same changes in 
greater or lesser degree, at least in some areas. In the present report 
it is deemed most satisfactory to consider Schrader's three groups of 
schists to be merely members of the Birch Creek schist as this forma- 
tion is now defined. The principal parts of Schrader's descriptions 
as qualified above are given below, with only such modifications of 
arrangement and slight omissions as are necessary to fit them to this 
necessarily generalized interpretation. 
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RAPIDa" ICHIST. 

• 

This term refers to a narrow belt of bishly metamorphosed or altered mica 
schist traversed by the Ghandalar River in the region of the rapids [about 8 
miles below Ghandalar LalceL where the schist forms a low anticline, with 
much quartz, in the bight of the fold. Here the rock embracing the rapids 
extends for several miles downstream [to Horse Creek]. This rock in geological 
horizon is supposed to [be the oldest]. It seems to underlie the Lake quartzite 
schist, but may prove to be a lower member of this series, so altered by 
metamorphism as to bear little resemblance to the general type. In the region 
of the rapids, and to some extent below, the rock is a biotite schist, closely 
appressed or crowded into numerous short folds, and contains much quartz, 
8ome garnet, and other metamorphlc mlnerala 



1 spurr, J. E., Qeolo}?y of the Yukon gold district, Alaska : Bighteenth Ann. Kept. U. B. 
G«ol. Surrey, pt 8, 1898, p. 141. 
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Ttie trend is east and west At a short distance below the rapids the dtp 
is southward, while above the rapids it soon becomes northerly. [This forma- 
tion was noted along the river and extends southwestward across the valley 
of Horse Creek.] From its mineralized character it would ordinarily be re- 
garded as one of the most auspicious to be examined for mineral resources. 
[Prospects of placer gold are reported to occur in the gravels of Horse Cre^c] 

On the Middle Fork of the Koyukuk, at the mouth of Settles River, occurs 
a small area of what appears to be much the same rock. [It seems to dip 
beneath the heavy-bedded limestones that make up the mountains to the north- 
west, but the stratigraphic relationships in this vicinity are complicated by 
faulting.] 

AMPHIBOLITE [HOBNBLENDE] SCHIST. 

[This rock] is a fine-grained fissile or fibrous schist of apple-green color. 
[Some of it is so siliceous as to] partake largely of the nature of a micaceous 
quartz schist The quartz, however, is [generally] disposed in small bands 
and veinlets, all of which have suffered fiexing and folding, the small folds 
often occurring in the most recumbent manner. The presence of sulphides 
and occasionally carbonates denotes mineralization. Assays of the contained 
quartz show it to carry both silver and gold [specimens obtained near the 
base of Green Mountain, on Chandalar River, yielding about 0.42 ounce of gold 
and 0.14 ounce of silver to the ton of quartz, or a money value of about $8.50 
a ton of picked specimen quartz]. 

Judging from the apparent position of this rock in the geologic horizon it 
ranks among the older rocks of the region. It is apparently younger than the 
Rapids schist, and it seems to occupy a lower horizon than the Lake quartzite 
schist, which may provisionally be referred to the Birch Creek series. • • • 
It occurs on Chandalar River, about 3 miles above Bend Mountain. Here 
it is not, as usual, restricted to the floor of the valley, but seems to be the 
conspicuous rock In a mountain of moderate size known by the prospectors 
as Green Mountain. Along with gray mica schist and limestone, it forms the 
mountainous slope fronting the valley to the north. Back of this front it 
seems to have a somewhat wider extent to the northward. At the base of 
Green Mountain, near the edges of the valley, the schistosity trends northeast 
and southwest, with dip gently northwestward. • • • 

In the floor of the [Chandalar] valley a few miles below Portage Creek the 
schist forms a low bench of some prominence, whose surface is about 25 feet 
above the present level of the river. It was next met with on Robert Creek, 
at about the same elevation as on Chandalar River, to the northeast of Horace 
Mountain, where it exclusively forms the low bluffs and benching along the 
northeast side of the croek. It occurs also in Robert Creek canyon. On 
Dietrich River, at about 5 miles below Fault Mountain, on the north edge of 
the valley, It aj?aln forms a low bench rising to about 20 feet above the river. 
The trend of the schistosity here is northeast and southwest, with a dip of 
about 35** southeastward. Here the rock also has a pitch or plunge structure, 
with a dip of about 20° southeastward. A couple of exposures of limited ex- 
tent were also met with at the base of the mountains along the Middle Fork 
of the Koyukuk River, between Bettles River and Slate Creek. Here gray 
micaceous quartzite schist, probably referable to the Birch Creek formation, 
seems to rest uix>n it. 

** LAKE QUARTZITE SCHIST." 

[This formation] so far as observed Is principally a micaceous quartzite 
schist, though In some localities the mica becomes the dominant essential 
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ffltnenL The quarts grains are usually rolled and rounded, denoting a sedl* 
mentary origin. Besides biotite, which is usually greenish, some muscovite 
and chlorite also occur. Magnetite as an accessory is often present in con- 
siderable amount. Garnet has been sparingly noted. In some instances the 
minerals are considerably crushed and the foils of blotite mica bent and flexed 
about the quartz. In other cases there is present considerable graphitic ma- 
terial, giving to the rock occasionally the aspect of a graphitic schist. The 
rock carries some quartz veins of moderate size, trending usually parallel 
with the schistosity, while some deviate or run nearly at right angles to it 
A few exhibit mineralization, though this is not pronounced. 

This rock is here called the lake quartzite schist because of its great promi- 
nence at Chandalar Lake. In the bend of the lake [on its west side] it forms 
a steep-fkced cliff, rising nearly 2,000 feet above the lake, offering a fine expo- 
sure of structure and jointing. It seems probable that with future examination 
this rock may be correlated with the Birch Creek schists [south of Yukon 
Riverl. 

Geologically this rock overlies the Rapids schist, and it apparently underlies 
the limestone series on the northwest. In distribution it seems to extend from 
near the West Fork of Chandalar River [Crooked Creek] northward to beyond 
the lake, and from east of Chandalar River westward to the Middle Fork of 
the Koyukuk. It is apparently one of the chief rocks constituting the rugged 
mountainous mass [between these rivers, some of the peaks of which rise] to 
a height of nearly 6,000 feet. 

From near the West Fork of Chandalar River to near the rapids the dip is 
southerly, but above the rapids, near the head of the lake, it becomes gently 
northwestward, the divergent dips apparently denoting the two sides of an 
anticline, the rock being thus more or less conformable with the Rapids schists. 
[The strong probability that the "Rapids" schist is merely a lower member 
of the widespread schist group of this area has already been stated.] 

Concerning the more widespread areal distribution of the Birch 
Creek schist in the Chandalar region, it may be said that the forma- 
tion is known to extend northeastward at least as far as the Lake 
Creek and Grave Creek valleys, and that prospectors report its occur- 
rence farther east on the headwaters of the Middle Fork of the 
Chandalar. 

IIVTBUSIVES. 

In the Koyukuk-Chandalar belt of Birch Creek schist granitic 
intrusive rocks do not appear to be as extensive or as widely distrib- 
uted as they are in the Hodzana highland belt. . The only considerable 
area of them now known appears to form a prominent part of the high 
rugged range which extends northeastward from the head of Baby 
Creek to the elbow of Chandalar River at Bend Mountain, about 15 
miles above Chandalar Lake. On the northeast the granitic rocks 
appear to cross Chandalar River and extend into the Bend Mountain 
area. Their extent southwestward from Baby Creek is not known, 
but the high, rugged topographic forms that seem to be character- 
istic of their massive occurrence appear to diminish in this direction. 
West of these mountains, however, granitic rocks appear to extend 
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across the valley of Robert Creek to Horace Mountain, cfppoate Hie 
mouth of Sheep Creek. Northeast of Horace Mountain the intrusive 
rock extends in the direction of Geroe Creek and Bend Mountain. 
Southwest of Horace Mountain, for a distance of 10 miles, nearly to 
Limestone Creek, the same rock seems to form a somewhat prominent 
line of rugged peaks rising to heights of nearly 6,000 feet along the 
northwest side of Bettles River. 

The rock of the Baby Creek area has received only a cursory exam- 
ination, but seems to be a granodiorite, being c(Hnposed of feldspar, 
with some quartz, hornblende, and green mica. It is a li^t-colored 
rock with greenish tinge and medium grain. Locally it has been 
considerably sheared and altered to schist, but a large part of it seems 
to be in a comparatively unaltered condition. It is probably the bed- 
rock source of the fresh granitic bowlders that occur in considerable 
quantities throughout the unconsolidated filling of the Chandalar 
Valley below Bend Mountain. In fact, the present channel of 
Chandalar River from the rapids below the lake to the mouth of the 
Middle Fork is clogged with bowlders of this kind of rock, which, 
owing to the considerable grade of the valley throughout this section, 
are so disposed as to form an almost continuous succession of swift 
riffles. 

At a point about 3 miles south of the head of CSiandalar Lake the 
schists are cut by a greenish dioritic dike several hundred feet in 
thickness, which has a northeast-southwest trend. East of Chandalar 
Lake the mountain mass on which Big, Tobin, Bowlder, Big Squaw, 
and Little Squaw creeks have their sources contains a considerable 
amount of dioritic intrusive rock with which the gold-bearing quartz 
veins of this locality appear to be associated. (See p. 111.) 

The intrusive rock of Horace Mountain is also of a dioritic nature. 
The upper thousand feet or more of this mountain is apparently a 
large dike intruded into the schists of this region. The intrusive 
character is inferred from the completely altered condition of the 
country rock along the zone of contact., which in some places is 100 
3'ards or more in width. The trend of this intrusive ro<i is north- 
east and southwest. In texture it varies from a medium-grained, 
somewhat gneissoid rock to a schist, and in its various stages it 
seems to show passage by dynamic action from a greenish-gray 
speckled augite diorite to an amphibolite schist The southeastern 
slope of the mountain is traversed by a more or less mineralized belt 
a quarter of a mile wide. Here the rock seems to consist principally 
of quartz, which is greatly crushed, sheared, and folded and is 
stained a bright red. The staining material has not been examined 
closely, but is probably hematite. 

Intrusive rocks are much less prominent to the west, in the 
Koyukuk area of the schist, than in the Chandalar district With 



GEOLOGY. 48 

ttie exception of a dioritic dike on Gold Creek, another that crosses 
Mjrrtle and Slate creeks, and the rocks reported to occur in the moun- 
tains between the sources of Emma and Wiseman creeks and possibly 
west of Nolan Creek, a northern tributary to Wiseman Creek, no 
igneous rocks, either intrusive or effusive, have been noted ^n this 
area. 

The Gold Creek dike is situated about 3 miles above the mouth of 
that stream, where it forms a small canyon several hundred yards 
long. It strikes northeast and southwest and stands about vertical. 
Its outcrop is noticeable up the north slope of the valley to its 
crest, but beyond this point its extent has not been traced. To 
the southwest from the point where it crosses Gold Creek it has been 
observed for only a few hundred yards, being covered beyond by 
talus and vegetation. 

The intrusive rock reported to occur in the mountains on which 
Enmia and Wiseman creeks have their sources was not observed in 
place by the writer, but the numerous large dioritic bowlders in the 
gravel deposits of the Emma Creek valley, which, according to the 
statements of prospectors, are derived from intrusive bodies in the 
mountains about the head of the creek, indicate that considerable 
masses of this rock occur there. Some bowlders of this same kind of 
intrusive rock occur in the gravels of the Wiseman Creek valley, 
and may be derived from the same mountains or from the ridges 
west of Nolan Creek, a north-side tributary of Wiseman Creek. 

The intrusive rocks on Gold and Emma creeks lie in a broad way 
along the general strike of the schistose country rocks that contain 
them, and are in trend with the belt of intrusive rocks which extends 
along the northwest slope of the Bettles Biver valley from Horace 
Mountain to a point near the mouth of Limestone Creek. There is, 
however, no evidence at hand to show that these rocks are in direct 
relation with each other, but it may be that they were intruded 
at the same time under similar conditions. 

A dike similar to those on Gold Creek and Chandalar Lake occurs 
on Myrtle and Slate Creeks, in the Koyukuk district It crosses 
Myrtle Creek about H miles above its mouth and extends southwest- 
ward across Slate Creek about 2 miles below the mouth of Myrtle 
Creek. It also extends northeastward into the mountains that form 
the southeast side of the Myrtle Creek valley, where it has the same 
general strike (northeast-southwest) and dip (SS^'-SS^ SE.) as the 
schists which contain it. The northeastern extension of these moun- 
tains may also contain more or less of this intrusive rock, for the 
valley of Boulder Creek, about 8 miles east of Myrtle Creek, has 
a considerable quantity of bowlders and cobbles of this kind of rock 
in its stream gravels. 
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JOHH BIYER ABXA. 

On John River, about 50 miles west of the Middle Furk of the 
Koyukuk, Schrader* observed a highly schistose group of rocks 
which he described under the name Totsen series, but which are here 
classed with this belt of Birch Creek schist. Schrader's description 
is in part as follows : 

TOTSEN BEBISS (SILUBIAN). 

Character and occurrence. — This series of rocks occupies a belt about 12 miles 
wide on John River. It lies south of the Skajit formation [which consists of 
heavy-bedded crystalline limestone and mica schist resembling and probably 
corresponding to the more schistose phase of the Bettles " series *' that occupies 
the northern part of the Koyukuk-Chandalar region. On the south it is uncon- 
formably overlain by the Bergman "series," consisting of unaltered sediments 
of Cretaceous age. The rocks of the Totsen " series"], are mainly mica schists 
and quartz-mica schists, in both of which the essential minerals are biotite and 
quartz. There is also some much-altered greenstone or amphibole schist 
Locally the mica schist becomes graphitic, graphite bodies one-eighth inch in 
diameter being noted, and in some cases the rock carries much secondary 
quartz, both in small veins and in lenticular bodies. Some iron pyrite is also 
present, which on oxidation gives a reddish-brown color to the rock. The 
quartz veins tend to follow the schistosity and are often locally contorted and 
twisted. Some carry irregular veinlets or stringers of epidote. 

The series is believed to be essentially of sedimentary origin, but the sedi- 
mentation seems to have been accompanied by basaltic flows, which were later 
sheared with the sedimentary beds, giving rise to ampblbolite schist, of which 
the most prominent strip, having an apparent width of several miles, occurs 
near the southern part of the belt occupied by the series [as exposed along 
John River]. Here the [ampblbolite] rock, Judging from the bent and crushed 
remnants of feldspar and augite shown under the microscope, is plainly of 
igneous origin. Though on account of faulting and folding there is doubtless 
some duplication of the rocks of the Totsen series [as It occurs along John 
River], its total thickness, judging from the prevailing dip and distance across 
the strike, is 6.000 and 7,000 feet. 

Btructure, — The Totsen series, like the older rocks composing the range, 
trends approximately east and west, and though the series as a whole has been 
intensely folded, the dip in general is monoclinal, being, so far as observed, 
southward, at angles of 60° to 80"*. [It must be borne in mind, however, that 
such a monoclinal attitude may be that of overturned folds whose tops have 
been truncated.] In the northern part of the belt John River valley, for a 
distance of several miles, seems to follow a north-south syncline in the series. 
The series is traversed by the major northeast Jointing of the range and by a 
secondary structure at nearly right angles to the major jointing. Cleavage was 
noted at a few localities, but apparently much of this has been obliterated by 
disturbance. 

Age and correlation. — The Totsen "series," so far as observed, 
" consists essentially of rocks that seem undoubtedly to belong to the 
class of older crystalline schists" which are so widely distributed 

1 Schrader, F. C, A reconnaissance In northern Alaska : Prof. Pap«r U. 8. Geol. Survey 
No. 20, 1904, pp. 68-60. 
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throughout the interior of Alaska. As far as now known it can not 
be correlated with any of the formations that make up the major 
part of the Endicott Mountains to the north, for all of these are 
apparently younger. 

According to Schrader, " the Totsen series can be correlated in a 
tentative way, on lithologic grounds, with the Lake quartz schist of 
Chandalar River." As made up in the section exposed along John 
River these rocks appear to be more micaceous and to contain much 
less quartz and more greenstone schist than the thick members of 
sedimentary origin that occur in the Koyukuk and Chandalar dis- 
tricts. Nevertheless, at some localities on John River the Totsen 
very much resembles the more altered phases of the schists east of 
the Koyukuk, in the Slate-Myrtle Creek placer diggings, which in 
turn have been correlated with the ^^Lake quartzite schist" of 
Chandalar River. 

SUMMARY. 
CORRELATZOV. 

The country rock of the Hodzana highland and the Koyukuk and 
Chandalar gold districts is largely made up of different kinds of 
highly altered sedimentary rocks, which are similar to and apparently 
in large measure the same as the old formations that are known to 
form the bedrock over extensive areas throughout the interior of 
Alaska, both north and south of the Yukon and westward into the 
Kobuk Valley and JSeward Peninsula. These old schistose rocks may 
be differentiated into several indefinite groups, but in general it is 
most satisfactory for the present to assemble them together, for they 
show many similar characteristics and intimate interrelations, espe- 
cially in regard to their widespread regional metamorphism and the 
economically important fact that the mineralization developed within 
them during their transformation was accompanied by the sepreo:a- 
tion of gold-bearing minerals in some of their members, from which 
free gold has been derived and concentrated into placers. 

In the region under consideration these rocks make up a diverse 
complex of more or less schistose sediments, in some places associated 
with igneous rocks of various types and relations. Many different 
phases of the schists have been recognized, but because of the varia- 
tions in the rocks from place to place enough evidence to warrant 
their definite subdivision, correlation, and classification has not yet 
been gathered, particularly in the region north of the Yukon. South 
of the Yukon, between that river and the Tanana, the general 
sequence of the rocks, beginning with the oldest, appears to be quartz- 
ite schists, carbonaceous and graphitic schists, quartz-mica schists, 
gametiferous schists, crystalline limestones, and altered igneous rocks 
largely intruded into the sediments. These rocks are called the Birch 
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Creek schist and are considered to be of early Paleozoic age, probably 
pre-Ordovician. North of the Yukon rocks that are considered to 
belong to the Birch Creek schist occupy two wide belts which have 
been described on pages 34-45. The rocks of the Hodzana highland 
belt appear to be similar in every particular to those of the Yukon- 
Tanana region and contain a considerable amount of igneous intru- 
sive rocks, mostly granite porphyries, both unaltered and metamor- 
phosed. This belt of Birch Creek schist appears to extend more or 
less continuously southwestward along the divide between Kanuti and 
Yukon rivers and probably connects with the Birch Creek schist 
that occurs in the Gold Hill district, on the north bank of the Yukon 
about 25 miles below the mouth of Tanana Eiver. 

The northern or Koyukuk-Chandalar belt of Birch Creek schist 
is 10 to 30 miles wide, extending from the Chandalar Lake region 
across the Koyukuk Valley between Slate and Gold creeks and south- 
westward across the lower John Kiver valley. Its distribution east of 
the Chandalar Lake region is not known, but to the west and south- 
west it extends to the Kobuk Valley and Seward Peninsula, where 
part of it forms the gold-bearing bedrock of the Nome, Candle, and 
other districts. On Slate Creek and generally throughout the Koyu- 
kuk placer district a phase of the Birch Creek schist consisting of 
carbonaceous schist, phyllite, and slate is common. To the northeast, 
in the vicinity of Chandalar Lake and southward along Chandalar 
Kiver to Horse Creek, these rocks are more quartzitic and micaceous 
but also contain graphitic phases. To the southwest the lower part 
of the John River valley is crossed by a belt of schistose rocks, largely 
of sedimentary origin, which are locally graphitic and contain much 
secondary quartz, like the Carbonaceous schists of the Slate Creek 
valley. In the Koyukuk area the Birch Creek schist does not appear 
to contain the large amounts of igneous intrusive rocks that are char- 
acteristic of the area between the Tanana and the Yukon and of the 
Hodzana highland. 

BTBtrCTVRE. 

The broad general trends of the dominant structural features of 
the Birch Creek schist throughout both the Hodzana highland and 
Koyukuk-Chandalar belts vary from east-west to northeast-south- 
west. The dips of the bedding planes are for the most part at steep 
angles to the north or south, being in many exposures nearly verti- 
cal, but some dips are as low as 35°. For some of the broad sections 
that show generally consistant dips in opposite directions from or 
toward assumed axes of folding, which have not been definitely lo- 
cated or traced, tentative interpretations of anticlinal or synclinal 
structure have been suggested. What appear to be sections of con- 
siderable stratigraphic thickness across some areas where the strike 
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and dip are unifonn give the impression that a inonoclinal structure 
prevails Such attitudes of the schists, however, may prove, when 
opportunity offers for examining them closely, to be largely ac- 
counted for by profound overturned folds whose tops have been 
truncated by erosion, and the faulting, some of which may be of the 
overthrust type, may also be a factor that enters into the present 
structural attitudes of the schists to an extent that can not be defined 
without detailed study. 

As a rule the longer dimensions of the intrusive reck bodies follow 
more or less closely the general structural trends of the schists that 
contain them, whether they occur as large masses, some of which are 
several miles wide and 5 to 15 miles or more long, or as much nar- 
rower dike-like bodies. Many of these intrusive rocks, both the 
massive and the dike-like forms, show strongly developed shear and 
joint fracturing, and in some places they have suffered metamorphic 
alteration to the extent of assuming gneissoid structure, especially 
along the margins of the larger granitic masses. Locally consider- 
able bodies of the granitic rocks are gneissoid throughout. 

MIKERALIZATION. 

In general the transformations that have taken place in the min- 
eral constitution of the Birch Creek schist are of the kind that have 
affected, over widespread areas in greater or lesser degree, all the 
members comprising the formation. The present condition of the 
rocks is the result of what is called regional metamorphism, in dis- 
tinction to the similar mineral alteration termed contact metamor- 
phism, which is not only of much less areal extent but is confined to 
narrow zones along the immediate contacts of intrusive rocks with 
country rocks. 

Although the Birch Creek schist is made up of rocks that resulted 
primarily from regional metamorphism, it has also been affected sec- 
ondarily by a minor amount of contact metamorphism. The contact- 
metamorphic effects are most evident in connection with granitic 
intrusives, which evidently entered the country rocks after they had 
become transformed partly, if not wholly, to a schistose condition. 
In fact, the occurrence of contact-metamorphic alteration about the 
borders of these intrusive rocks constitutes the principal evidence as 
to the relative time when the granitic rocks were intruded and when 
the mineralization they stimulated took place. But even this evidence 
is far from conclusive, for at many localities the problem of deter- 
mining when the intrusion and its accompanying contact minerali- 
zation occurred is complicated by the fact that some of the granitic 
rocks also have suffered metamorphism since they were intruded, as is 
shown by their gneissoid or sdiistose structure. These diverse condi- 
tions throughout the two schist belts under consideration make it im- 
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possible to state whether the intrusion of all the granitic rocks and 
the resulting contact mineralization took place at the same time and 
the rocks were subsequently aiBFected by further metamorphism 
that was more intense in some localities or rocks than in others, or 
whether the granitic rocks were intruded at different times through- 
out the long period of general regional metamorphism and for this 
reason show different degrees of alteration. This question apparently 
has an intimate relation with the origin of at least some of the gold, 
for in some places the gold-bearing mineralization seems to be 
directly connected with the effects of igneous contact alteration. At 
other localities, however, such a relation, if it originally existed, has 
been so obliterated by further metamorphism as not to be evident. 

One of the most common and easily observed changes that occurs 
in the metamorphism of rocks, whether of the widespread regional 
or more localized contact character, is the rearrangement and redis- 
tribution in various forms of the silica or quartz contained in the 
original rocks before they became altered and in such intrusive rocks 
as may become associated with them before, during, or after their 
transformation. Not only may the quartz be changed from its origi- 
nal condition and form by recrystallization in place or nearly in place 
in the parent rock matrix, but large amounts of it may become dis- 
solved in circulating waters which may contain also mixtures of other 
minerals in solution. These mineralized solutions may migrate 
through the country rocks, perhaps for considerable distances, and 
be redeposited elsewhere in various forms as secondary quartz, the 
term secondary being used in the sense that the quartz has changed 
from its primary condition with reference to its original position or 
mode of occurrence in the rocks of which it is a constituent. 

Secondary quartz is the most common and widespread gangue or 
cementing material found in rocks that have been disrupted and 
otherwise deformed by geologic forces. The manner and form of the 
changes and migrations the quartz undergoes in being deposited sec- 
ondarily depend on the chemical nature and physical condition of the 
rocks through which and into which it circulates in liquid form. 
The quantity of quartz thus deposited is far greater than that of any 
other mineral. Generalized estimates indicate that under favorable 
conditions probably 90 per cent or more of all the openings, both 
large and small, produced in rocks by metamorphic deformation — 
such as faults, fissures, joints, bedding partings, and the minute 
spaces between laminae, grains, and the smallest particles that com- 
pose the rocks, whether they are the result of fracture, flexure, flow- 
age, or simply the natural porosity of some beds — ^become infiltrated 
or filled by a cement of quartz. Grenerally the quartz assumes the 
forms of the spaces it occupies. These vary according to the kinds 
and conditions of the rocks. The coarser-grained, more rigid rocks 
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usually have larger, more regularly disposed, and continuous clean- 
cut openings or fractures, along which veins of considerable size are 
deposited. The finer-grained, less rigid rocks present spaces of 
irregular size and shape which may have a disordered arrangement, 
suggesting that they have been bieaded. In these the secondary 
quartz usually tends to follow the schistosity of the country rocks 
as small contorted and twisted veins and lenticular bodies, some 
of whidi may be of considerable size, with knotty bunches and 
smaller crosscutting veins and leaflets disseminated between them, 
which for the most part are irregularly disposed and somewhat dis- 
connected. Where a series of schists is made up of alternating 
harder and softer members, like the Birch Creek schist, the rocks are 
usually fractured in the former and flexured in the latter, and as a 
consequence the secondary quartz generally shows the differences in 
manner of deposition noted above. A great variety of both these 
modes of deposition of secondary quartz, with all possible inter- 
gradations from one to the other, is characteristic of the Birch Creek 
schist as it occurs in the Hodzana highland area and in the Koyukuk 
and Chandalar districts. 

Where dissolved metallic minerals become mixed with solutions of 
quartz they generally solidify in more or less close association with 
the quartz, where it is redeposited under favorable conditions. Gold, 
both in its native state and in association or combination with 
metallic minerals, such as the sulphides of iron, silver, arsenic, and 
lead, occurs in many places with secondary quartz thus redeposited 
from solutions. The quartz either wholly or partly fills the spaces in 
the rocks, and if metalliferous compounds are present they are gen- 
erally deposited also, either intermingled with the quartz or closely 
associated with it. 

In the Chandalar district, where gold-bearing quartz deposits of 
importance are known to occur within a small area at the source of 
Big Creek, it seems to be evident that the gold is connected with veins 
of quartz in zones of contact alteration surrounding or connecting 
bodies of dioritic intrusive rocks. In the Koyukuk district the close 
genetic relationship of the gold to contact mineralization is not so 
apparent, but some intrusive dioritic rocks are known to occur there 
(see pp^ 42-43), and more detailed examination may show that the 
bedrock source of the gold is closely connected with zones of contact 
alteration. 

PALEOZOIC BOCKa 

SUBDIVISIONS. 

There are two groups of rocks in this region which, though with 
little doubt of Paleozoic age, can not now be assigned definitely to any 
period in that era. Even the relative age of one compared with the 
7e082*— BnU. 682—18 4 
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other can nofc be stated with any satisfaction. They are quite differ- 
ent lithologically and are not known to occur in contact with each 
other in the region under consideration. One of these groups is 
made up largely of massive crystalline limestones. The possibility 
of its being either upper Silurian or lower Carboniferous has been 
suggested, but at present the lower Carboniferous age of these lime- 
stones seems to have more evidence in favor of it The other group, 
which may be of Devonian age, comprises a series of cherts and 
slates with some dark fine-textured quartzites and a few thin beds 
of limestone, together with compact greenstoneS| fine-grained pyro- 
clastic roeks, basalts, and intrusive diorites. 

DEVONIAN (?) ROCKS. 
OKA&AOTEB AHD DISTRIBXTTIOV. 

MendenhalP has described a complex of volcanic rocks, which 
occurs in the southwestern part of this region, under the name Kanuti 
series. This complex is made up of greenstones, pyroclastic rocks, 
basalts, a large amount of intrusive diorites, and some homstones or 
dense flinty shales, the whole series being intruded by granites. 

Bocks of a somewhat similar character occur on Yukon River at 
the southern boundary of the region under discussion. These rocks, 
which have been studied by Prindle,' are made up of greenstones of 
various types, chiefly volcanic, together with slates, cherts, and lime- 
stones. Some volcanic rocks, cherts, and slates seen by the writer on 
the South Fork of the Koyukuk and between the South Fork and 
Slate Creek are provisionally correlated with this group, as are also 
somewhat similar rocks along the west side of Chandalar River be- 
tween its West Fork and Crooked Creek, named by Schrader^ the 
West Fork series. This series consists of fine-grained quartzite, 
dark flint, calcareous black shale, and impure limestone, intruded 
by dioritic and greenish diabasic dikes that follow the structure of 
the country rock, which trends from northeast to southwest. It 
forms the bedrock of the broad area between West Fork and Crooked 
Creek and the rolling divide about their sources 12 to 15 miles west 
of the Chandalar. This belt, which is about 15 miles wide, cor- 
responds with the broad depression that lies between the Hodzana 
highland on the south and the southern flanks of the Endioott' Moun- 
tains on the north and extends westward from the lower Chandalar 
Valley to that of the Middle Fork of the Koyukuk. 

1 Mendenball, W. C, Reconnaissance from Fort Hamlin to Kotzebue Sound, Alacka : 
Prof. Paper U. B. Qeol. Survey No. 10, 1902, pp. 87-38. 

'Prlndle, L. M., The Fairbanks and Rampart quadrangles, Yukon-Tanana region, 
Alaska : BuIL U. 8. Ctool. Surrey No. 887, 1808, pp. 18-22. 

* Bchrader, F. C, Preliminary report on a reconnaissance along the Chandlar and 
Koyukuk rlrers, Alaska, In 1890: Twemty-flrst Ann. Rept U. 8. GeoL Survoy, pt. 2, 
1900, pp. 47S-479b 
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Schrader considered that theee rocks extended westward and south- 
westward to the Middle Fork of the Koyukuk in the low mountains 
5 to 10 miles south of Slate Creek and on the South Fork of the 
Koyukuk in the vicinity of Jim Biver, where they have been observed 
by the writer! He also suggested their probable eastward extension 
to the East Fork of the Chandalar and possibly to Porcupine Biver, 
where a series of shales, limestones, and diabase occurs in the lower 
part of the Upper Bamparts. 

The facts at hand do not warrant any definite statement in regard 
to the structure of these rocks, except that they are considerably 
deformed and much fractured. Some quartz veins occur in the frac- 
ture spaces, and they may be locally mineralized, but so far as known 
they have yielded no deposits of value. 

AGE AHD OOBBXLATIOV. 

There is no direct evidence regarding the age of this assemblage 
of rocks. They are apparently in unconformable relations with the 
Birch Creek schist. Schrader foimd a few fossils referable to the 
Devonian in gravels and cobbles along Chandalar Biver and the 
South Fork of the Koyukuk, which on the basis of their lithologic 
similarity to beds in his West Fork series he considered to be derived 
from that source. Mendenhall correlated his Kanuti series with 
Spunks Bampart series and provisionally assigned them to the middle 
of the Paleozoic. A few fragmentary fossils from rocks of this gen- 
eral group on the middle Yukon in the area here under discussion 
belong at the same general horizon. On the upper Yukon between 
Eagle and the Yukon Flats volcanic greenstones, some of which are 
interbedded with and all of which are more or less closely associated 
with shades and limestones, are in close stratigraphic relation with 
Middle Devonian limestones. There is a similar association of 
Middle Devonian limestones with greenstone volcanic rocks and shales 
on Porcupine Biver in the lower part of its Upper Bamparts. Alto- 
gether the assemblage of rocks with these general characters and 
interrelations appears to have a widespread development throughout 
the cfflitral Yukon Valley, and wherever paleontologic evidence has 
been found it points toward the Devonian age of the rocks. 

CARBONIFEROUS (f) ROCKS. 
XITHOLOOT, BTBXrOTtrBE, AHD DISTBIBITTIOV. 

The northwestern part of the area under consideration is almost 
wholly occupied by a series of massive semicrystalline and crystalline 
limestones interbedded with some mica schists. The limestone is 
much jcMnted and in many places very sdiistose. Many of the frac- 
tures have been filled with calcite and some of them with quartz, and 
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a few of these were obsrared which oontain pyrite, chalcopyrite, or 
galena. In general, however, the rocks do not seem to be mineral- 
ized. Their usual color is light gray or dingy marble-white, but 
they include also darker members, and here and there extensive 
exposures stained iron-red and brown are conspicuous. 

As a whole they seem to be thrown up into a number of folds whose 
axes run about east and west Schrader found evidence of strong 
fault displacements in the limestone, which seems to account for some 
of the peculiarities of distribution of these rocks in the northern part 
of the field and for their generally rugged forms and the steep scarps 
which form very conspicuous topographic features in many places. 
(See PI. VI, B^ p. 34.) Considerable faulting has occurred along 
their southern border, where they are in contact with the Koyukuk- 
Chandalar belt of Birch Creek schist, which passes beneath the lime- 
stones. The limestones may be overthrust. upon the schist. 

So far as known these limestones make up practically all the cen- 
tral ranges of the Endicott Mountain belt Within the area covered 
by the map (PL V, in pocket) their somewhat irregular southeni 
boundary is seen to extend from the upper Chandalar, whose valley 
they cross about 35 miles above Chandalar Lake, southwestward 
along the northwest slopes of the valleys of Robert Creek and Bettles 
Biver to Dietrich Biver. Here there is a conspicuous isolated outly- 
ing mass between the lower 5 miles of Bettles Biver on the east and 
the upper 5 miles of the Middle Fork of the Kojrukuk on the west. 
(See PL VI, 5, p. 84.) The boimdary of the main body of limestone 
extends northward from lower Bettles Biver along the east slopes of 
the valley of Dietrich Biver for about 20 miles and then crosses to 
the west side of the valley. (See PL VI, A^ p. 34.) Thence the lime- 
stones extend southwestward for about 80 miles in a belt of irregular 
outline to John Biver, which they cross about 40 miles from its con- 
fluence with the Middle Fork of the Koyukuk. 

a4e ahd oobkelatzoh. 

Schrader^ first described these limestones and associated schists 
under the name Bettles series, but did not assign them to any definite 
place in the stratigraphic column. Later he described, under the 
name Ska jit formation,' a belt of limestones about 20 miles wide on 
John Biver, which because of their resemblance to the schistose, crys- 
talline, and micaceous phase of the Bettles ^^ series '' are provisionally 
correlated with that series. Some poorly preserved fossils collected 

1 Schrader, F. C, Preliminary report on a reconnaissance along the Chandlar and 
Koyukuk rlyers, Alaska, in 1899 : Twenty-first Ann. Rept. U. B. Oeol. Surrey, pt. 2, 1900, 
p. 476. 

* Schrader, F. C, A reconnaissance in northern Alaska : Prof. Paper U. B. Geol. Surrey 
Ho. 20, 1904, pp. 66-58. 
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from the Skajit f(»mation in place include the remains of a brachio- 
pod, which indicates an age not older than upper Silurian and not 
younger than lower Carboniferous. 

These limestones are certainly younger than the Birch Creek schist 
and presumably are the equivalent of at least one or possibly more of 
the Paleozoic limestones of the Yukon Valley. Of these there are 
four — the Ordovician, Silurian, Devcmian, and Carboniferous. East 
of the Koyukuk-Chandalar region, along Porcupine Biver, all four of 
these geologic systems are represented, the stratigraphic position of 
the limestones having been well established by the fossils they con- 
tain. Across the one hundred and forty-first meridian of west longi- 
tude, from 50 to 100 miles north of Porcupine Biver, along what is 
generally considered to be the eastward extension of the Endicott 
Mountains, there are widespread limestones of lower Carboniferous 
age overlying an extensive series of quartzdtes and slates which if 
more thoroughly metamorphosed could easily be the counterpart of 
at least a portion of the Birch Creek schist of the Koyukuk-Chanda- 
lar region. The Ordovidan, Silurian, and Devonian limestones that 
occur along Porcupine Biver are apparently absent to the north, in 
this area. To the west, in the lower and central portions of the 
Noatak Valley, occurs a series of limestones that is definitely known 
to be of Carboniferous age, and in the upper Noatak, Kobuk, and 
Alatna valleys limestones which may be of this general age occupy 
wide areas. The age of these limestones may be the same as that of 
the Skajit formation on John Biver and of the Bettles ^'series,'' 
which crosses the upper Koyukuk and Chandalar basins. It may be 
that the undifferentiated limestones of the upper Noatak, Kobuk, and 
Alatna valleys, which have a strong resemblance to the Skajit forma- 
tion, and which in turn may be the same as the Bettles ^^ series,'' are 
not only equivalent but of Carboniferous age. At least, for the 
present there can be no objection to entertaining this tentative cor- 
relation. 

XESOZOIC BOGXa 

GENERAL FEATUBES. 

« 

Sedimentary formations of Mesozoic age do not cover extensive or 
widely distributed areas in the Kojrukuk-Chandalar region. The 
only sediments definitely assigned to this era are of Cretaceous age 
and occupy but a small part of the region, being confined to the 
northeastern part of the central Koyukuk Valley. (See PI. V, in 
pocket) With these sediments are included some basic effusive and 
pjrroclastic rocks that are apparently more or less interbedded with 
the stratified deposits and are for this reason presumed to be of the 
same age. 
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In addition to the Cretaceous sedimentary and basic effusiye 
igneous rocks, practically all the acidic intrusive granitic rocks of the 
Koyukuk-Chandalar region, which are especially abundant in some 
parts of the Birch Creek schist belts, as already noted, are considered 
to have been intruded into the country rocks during Mesozoic time. 

GBBTAGBOUB STSIXIC. 
OKABAOTXB, BTBUOTintS, AHD DIBTBIFITTIOV. 

The unaltered stratified formations of the Koyukuk Valley consist 
of limestones, sandstones of calcareous, feldspathic, and quartzitic 
composition, conglomerates, and shales, with some basic igneous ef- 
fusive and pyroclastic rocks. The feldspathic sandstones or arkoses 
appear to be characteristic of the lower part of the series and, to- 
gether with some conglomerates that are probably at or near the base 
of the series, overlap on the older schistose rocks of the southern 
foothills of the Endicott Mountains where they meet them along the 
northern margin of the upper basin of the valley. The limestones 
appear to characterize the upper part of the series. 

All these stratified rocks have been folded and somewhat faulted. 
The folding is more pronounced at some localities than at others. In 
some areas the beds are quite horizontal; in others they stand at 
steep angles. As a whole, however, they have been disturbed far 
less than the Paleozoic rocks and schists, to which they bear an un- 
conformable relation. 

These sedimentary formations occupy the southwestern part of the 
Koyukuk-Chandalar region and represent the margin of an extensive 
sheet of Mesozoic sediments which extends south, southwest, and west 
from the central Koyukuk Valley to Yukon River and Norton Bay. 
In the Koyukuk Valley they make up practically all the interstream 
uplands and minor mountain groups between the lower courses of the 
principal large headwater tributaries of the Kojrukuk and the bedrock 
bluffs along the main river, except in a few places where the older 
underlying rocks crop out from beneath them. 

AGE AHD CORRELATZOH. 

The rocks described above have been divided by Schrader* into 
two conformable groups — ^a lower group, which he named the Ko- 
yukuk series, and an upper one, which he called the Bergman series. 
The lower group contains the marine limestones already noted, 
which have yielded Lower Cretaceous or Upper Jurassic fossils. 
The upper or Bergman group, which in part, at least, appears not 
to be marine and to whidi the coal beds at Tramway Bar, on the 
Koyukuk, may belong, has been considered by Schrader to be in- 

^Bchrad«r, F. C, A reeoniiAinanc* la DortlMra Alaika: Prof. Paper U. B. Geol. Bor> 
?«7 No. 20, IMM, ppb 77-^. 
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folded and closely related with the Koyukuk group, but to be 
younger and overlie it To the south, along Yukon River, sedi- 
ments of this general character carry both marine and plant fossil 
remains of late Mesozoic and early Tertiary age which indicate that 
they were laid down during a period of transition from Mesozoic 
to Tertiary time, when there was no apparent pause or depositional 
break in the geologic sequence. For present purposes both the ma- 
rine and nonmarine groups have be^n mapped together as Cre- 
taceous. 

MESOZOIC (t) INTBUSIVE ROCKS. 

The intrusive rocks of the region include granites, granodiorites, 
diorite, and diabase. All these rocks except the diabase and some 
of the diorite probably belong to one general epoch of intrusion. 
Some of the granitic rocks are gneissoid and may be older than the 
Mesozoic. As has already been said (p. 87), there is no direct evi- 
dence of the age of any of these intrusive rocks, though they are 
known to be, in part at least, younger than the volcanic rocks 
described in connection with the rocks of probable Devonian age 
(p. 50), and are probably older than the Mesozoic sediments which 
have been assigned to the Cretaceous. These igneous rocks, except 
the diabase, are here assigned to the Mesozoic because that is known 
to be the era of most widespread intrusive igneous activity through- 
out Alaska. Moreover, they resemble the known Mesozoic intrusive 
rocks of other parts of the Territory. Schrader^ has noted the 
presence of diorite dikes in the Cretaceous sediments of the middle 
Koyxikuk Valley. It seems probable that some of the diorites or 
granites may be of later age than the Cretaceous. 

Because of the occurrence of rocks of intermediate composition 
no sharp line can be drawn between the granites and the diorites. 
The diorites differ from the granites in the predominance of plagio- 
dase feldspars, the subordination of quartz, and the substitution of 
hornblende for mica. Quartz diorites or granodiorites, of inter- 
mediate composition between the diorites and granites, are not un- 
common. In the large masses the rock is generally of granular 
texture, but porphyritic phases occur both within and around the 
margins of the larger intrusive masses and also in the dikes and 
small stocks. 

On the middle Chandalar and elsewhere in the region some of 
these intrusive rocks are gneissoid. These are sheared and crushed 
igneous rocks consisting of quartz, feldspar, mica, and hornblende, 
with chlorite abundantly developed as a secondary product, giving 
the rocks a greenish color. They may represent an older epoch of 
injection than that of the less altered, more massive igneous rocks. 

^8cbr*d«r, F. C, ▲ neonnalisance In northern Alaska: Prof. Paper U. B. Oeol. Bar- 
nr Mo. 20, 1904, p. 71. 
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Among the rocks not indaded in the foregoing description are some 
aplite dikes and veins which cut the granites in a few places and 
probably represent the last stages of igneous activity. 

The areal distribution of these intrusive rocks needs no special 
discussion, as it is shown on the map. Attention may, however, be 
called to the extensive masses of granite and diorite which occur in 
association with the Birch Creek schist of the Hodzana highland 
belt, between the Chandalar and the Koyukuk. Granitic and dioritic 
rocks also occur in other parts of the field (see pp. 41-48), in addi- 
tion to which there are many dikes that are unmapped. 

CENOZOIC Bocxa 

TEBTIABY SYSTEM. 

The sedimentary rocks which may with reasonable certainty be 
assigned to the Tertiary period are known to occur at one locality 
in the area under consideration. These occupy a very small area 
(see PL y, in pocket) in the upper basin of Dall River, on and 
near the lower part of a west-side tributary named Coal Creek. 
They comprise soft gray, buff, or black shales, standing at an angle 
of about 30° and associated with a heavy bed of lignitic coal 
and bone. No fossil plant remains have been found in these beds, 
but because of their lithologic resemblance to well-determined 
strata in other parts of the Territory, they are considered to belong 
to the group of Tertiary lignite deposita 

On the Middle Fork of the Koyukuk about 12 miles below Cold- 
foot the older rocks on the north give way to a series of younger 
sediments composed of sandstones, grits, and shales, with conglom- 
erates and at least one bed of coal. Schrader,* who observed these 
beds, first considered them to be of Tertiary age, but in a later 
report* named what appear to be the same sediments to the west, 
on John River, the Bergman " series " (see p. 54) and provisionally 
referred them to the Cretaceous. 

More detailed surveys of this region may disclose other areas of 
Tertiary sedimentary rocks, some of which may be coal-bearing. 

CENOZOIC LAVAS (TERTIARY OR QUATERNARY). 

Two areas of lavas which may be of Tertiary age are known in 
this region, one on Kanuti River and the other on Chandalar River. 
Mendenhall * has described the Kanuti River area as follows : 

i Schrader, F. C, Preliminary report on a reconnaissance along the Chandlar and Koyu- 
kuk rivers, Alaska, in 1899: Twenty-flrst Ann. Rept. U. 8. Geo!. Survey, pt, 2, 1900, p. 
477. 

• Schrader, F. C. A reconnaissance in northern Alaska : Prof. Paper U. 8. Geol. Sairey 
No. 20, 1904, pp. 77-79. 

•Mendenhall, W. C, lU»connaissanco from Fort Hamlin to Kotsebue Sound: Prof. Paper 
C. S. Geol. Survey No. 10, 1902, pp. 42-43. 
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Boioll. — ^Along the middle Kanuti River horizontally bedded yeslciilar olivine 
basalts form bluffs 50 to 76 feet high on the north bank of the river, and 
similar hluttB sonth of the valley are probaby due to the same formation. 

Andetites and tuffs. — ^The most extensively distributed layas in the Kanuti 
River valley are homblende-andesltes and associated fragmental material. 
They are composed of massive flows and coarse breccias, the latter sometimes 
containing angular blocks 10 feet in diameter, embedded in fine ash or pumice. 
They form bluffs 250 feet in height along the river. Downstream from this 
locality the tuffaceous form of the deposit disappears, but the low hills for 
many miles north of the river are made up entirely of massive andesltes. 

Age, — ^The basalts and andesltes were not found in contact, but both occur 
along the Kanuti River In horizontally bedded flows. The andesltes lie at 
higher levels and are therefore perhaps younger. Since both are structurally 
undisturbed, they are more recent than the Tertiary lignite-bearing beds of the 
upper Dall River, which are extensively folded. The relation of the andesltes 
to the topography is such as to suggest that the lavas flowed into valleys 
which had been cut to approximately their present depth, and this brought 
about changes in drainage. The streams have since cut through or at least 
well into the lava and breccia filling and have removed in some cases hundreds 
of feet of it This cutting may have occupied all of Pleistocene time but 
probably not more, so that the lavas are to be regarded as very late Tertiary 
or possibly early Pleistocene. 

On the south bank of Chandalar Biver from 60 to 65 miles above 
its mouthy at the point where it enters the Yukcm Flats, there is an 
area occupied by dark olivine basalts. They are principally amygda- 
loidal, and in part very coarsely porous and weather to a reddish or 
rusty brown, but they include some layers of more dense texture which 
usually have a fresh dark iron or steel color. Their attitude is not 
well exposed, but they^ appear to have a tyjHcal lava flow structure 
and to consist of superimposed members several feet in thickness. 
Their topographic expression is that of a plateau or flat-topped bench 
whose highest parts stand about 1,000 feet above the river. It is 
not thought that their thickness is as great as 1,000 feet, however, 
for to the west, about a mile above the East Fork, the lavas are 
succeeded by gneissoid granitic rocks which are undoubtedly older, 
and to judge from the talus along the valley slopes opposite and east 
of the mouth of iTast Fork the gneissoid rock appears to extend in 
this direction for several miles as the basement upon which the lav&s 
rest, although the contact of the two has not been observed. The 
lavas are best exposed in a few bluff faces overlooking the river near 
the upper edge or break of their benchlike surface. The margins of 
this bench are not much rounded and are for the most part merely 
notched here and there by erosion. 

The areal extent of these basalts is not known, but if they are the 
capping formation of the benchlike feature which characterizes each 
side of the Chandalar Valley, where it opens out into the Yukon 
Flats, they may extend southwestward for a considerable distance 
and they may occur on the north side of the valley also. 
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These basalts, like those on Kanuti Biver, are provisionally con- 
sidered to be of late Tertiary or early Pleistocene age. 

QUATERNARY SYSTEM. 

PLEZ8T00EKE SERIES. 

SEDIMENTS. 

Extensive deposits of unconsolidated sediments, which for the most 
part seem to be stream laid, occm* along the southern foothills or 
flanks of the Endicott Mountains and extend southward from them 
as thick and widespread fillings along all the main drainage courses 
of the region and also extend across the lower divides from one drain- 
age basin to another. They are without doubt contemporaneous 
throughout the region and are the result of a system of drainage that 
was quite different from that of to-day. They are composed of 
gravels, sands, and silts, and although they show considerable varia- 
tion in coarseness, their predominant characteristics are that they 
have been transported, assorted, and deposited by flowing water and 
appear to be in large part glacial debris or detrital materials which 
have been vigorously outwashed from the mountains to the north. 

The upper South Fork and Mosquito Creek basins are practically 
filled with these more or less assorted outwash deposits of gravels, 
silts, and bowlders and they also occupy a wide expanse west and 
northwest from South Fork for 15 miles to the Middle Fork of the 
Koyukuk, and beyond, down the valley of that river. From north to 
south across this area the width of these unconsolidated deposits is 
about 10 miles. Their general surface appears to slope both from 
east to west and from north to south. Their highest margin is along 
the base of the mountains on the north, where they stand at about 
2,000 feet, but they seem to descend gradually from east to west to 
a general elevation of 1,600 feet on the Middle Fork at Tramway 
Bar. They also slope gradually from north to south at about the 
same grade, their elevation along the banks of the South Fork 20 
miles below the mouth of Mosquito Creek being about 1,500 feet 
above sea level. However, there are remnants of gravel benches on 
the mountain slopes south of South Fork which indicate that a 
former surface of these deposits may have had an even more gentle 
descent across this area from north to south than the present slope 
and that the present surface may be due in great part to removal by 
erosion along the South Fork of a very large quantity of the uncon- 
solidated filling. Likewise erosion by the present streams is, no 
doubt, the agency that has lowered the surface of these deposits along 
the Middle Fork. 

In fact, the occurrence of these deposits on terraces throughout all 
the large valleys of the region admits of no other interpretation, for 
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these terraces evidently indicate the elevation and extent of the 
former flood plain upon which the sediments of the terraces were de- 
posited. It seems that the drainage system which transported and 
aggraded these unconsolidated sedhnents over such wide areas must 
have been of a different character from that of to-day. ( See pp. 6(V^7. ) 

The present drainage has not only removed a large quantity of the 
unconsolidated filling and thus lowered and modified its surface and 
left its marginal portions as terraces or benches, but recently at least 
its major channels have entrenched themselves into the unconsoli- 
dated deposits locally to depths of 100 to 200 feet, and at places into 
the harder underlying country rocks as well. By far the largest part 
of the deposits, however, still remain on terraces or sloping benches 
which extend far up the sides of the valleys and across the low divides 
that separate many of the lateral tributaries which drain the foot- 
hills. These bench deposits are especially to be noted between the 
Middle and South forks of the Koyukuk from the vicinity of Slate 
Creek and Tramway Bar eastward, as has been described, and also 
tram the South Fork, by way of Mosquito Creek, to west-side tribu- 
taries of the Chandalar named Crooked Creek and West Fork, 
where the gravels and silts extend across divides that stand at eleva- 
tions of 2,350 feet. 

They occur on extensively developed terraces along the North, Mid- 
dle, and East forks of the Chandalar and are continuous with simi- 
lar deposits along the main river that extend downstream to the 
northern margin of the Yukon Flats, where the highest terraces stand 
at elevations of about 1,500 feet above sea level. Likewise they ex- 
tend southward along the valleys of the Middle Fork and main 
Koyukuk (PI. VII, A) to the northern edge of the Koyukuk Flats, 
where they merge with the marginal basin deposits at an elevation of 
about 1,500 feet, about the same as those of the Yukon Flats. 

The terrace deposits along the south front of the Endicott Moun- 
tains extend northward up the main valleys within the mountains, de- 
creasing in lateral extent as the valleys become narrower and in- 
crease in elevation. On the Middle Fork of the Koyukuk at the 
mouth of Wiseman Creek they stand at an elevation of about 2,500 
feet and farther north, within the mountains, they rise to about 3,000 
feet on upper Bettles and Dietrich rivers. 

Near the mountains the deposits contain glacial bowlders, and 
these are more numerous within the mountain valleys, where, in 
general, the deposits bear more resemblance to a glacial valley filling, 
as they contain much coarser material which in places does not show 
marked assortment or arrangement by running water. There are 
also scattered patches of what appears to be glacial till and a few 
bowlder trains that have a morainal aspect. In general the coarser 
materials are eharacteristic of the mountainous part of the region, 
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while to the south, beyond the mountains, the deposits are more com- 
monly composed of fine silts. 

What has just been said in regard to the Middle Fork within the 
Endicott Mountains applies also to the other branches of the Koy- 
ukuk and to the Chandalar and its principal tributaries. For exam- 
ple, these deposits stand at an elevation of approximately 8,000 feet 
in the depression drained by Lake and Grave creeks, and gradually 
descend and coalesce with the terrace deposits of the North and 
Middle forks of the Chandalar. 

These terrace deposits were wholly or in large part intimately asso- 
ciated with the retreat of glacial ice and can probably be best classed 
as outwash deposits. Whether the silt deposits of the Yukon and 
Kojrukuk flats are also of glacial origin has not been definitely deter- 
mined. They may be in part, at least, of such derivation. 

In several localities, notably at Tramway Bar on the Middle Fork 
and Gold Bench on the South Fork of the Koyukuk, gold-bearing 
gravels are closely associated with the terrace deposits. These grav- 
els, however, are probably of local origin, as will be described under 
gold placers (pp. 85, 106) • The nature of the terrace gravels does not 
seem to favor the probability of their being gold-bearing except 
where they have been locally reconcentrated since their deposition, 
and even so only where there are sources near by from which the gold 
might be derived. 

All the unconsolidated sediments which occur in terraces or sloping 
benches above the flood plains of the present streams together with 
the glacial till and morainic deposits within the mountains of the 
northern part of the region, are considered to be of Pleistocene age. 

QLAGIATIOlf. 

The Endicott Mountain belt bears every evidence of having been 
subjected very recently to the erosion of glaciers across its entire 
width of 80 to 100 miles. To judge from the form, length and 
arrangement of the present valleys whidi dissect the mountains 
across their trend and which appear to owe their present deep, nar- 
row forms largely to the erosion of ice streams, it seems that the 
dividing line from which the former glaciers moved to the north 
and south was along a zone of maximum snow accumulation whose 
position corresponded to the present Arctic- Yukon watershed, which 
lies nearer to the northern flanks of the mountain belt than to its 
southern flanks, and that the southward-flowing ice streams were 
probably longer, at least within the mountains, than those that moved 
northward. By far the largest part of this mountainous belt has not 
yet been explored. From the meager data at hand it is impossible 
at this time to present a satisfactory discussion of the glaciation of 
this part of Alaska. 
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Schrader is the only observer who has described the extent and 
character of glacial erosion and deposition along a section that crosses 
these mountains. His observations were made from the Koyukuk 
VaHey to the Arctic coastal plain by way of John and Anaktavuk 
rivers, along the western edge of the area now under consideration* 
In a concluding paragraph ^ he summarizes as follows : 

The glacial pheDomena that have been described tend to show that, althon^ 
the Endicott Mountains do not on the whole seem to have been overridden 
en masse by a moving ice sheet, they were doubtless, especially in their north- 
em part, largely occupied by an ice cap or perennial n^ve, constituting a 
breeding . ground for glaciers. The zone of maximum snowfall, and conse- 
quently of maximum ice accumulation, trending in an east-west direction, was 
apparently in the northern part of the range, at least somewhat north of its 
median line. From this zone the Ice moved off to the north and to the south, 
respectively, Into the Colville and Koyukuk basins. Its flowage, especially 
during the latter part of the ice age, was confined mainly to the valleys and 
drainage ways in the form of alpine glaciers, of which there is ample evidence. 
But there Is also good reason to believe, as shown by the till sheet north of 
the mountains, that during the zenith of the ice age the northern edge of the 
range was occupied by a more or less extensive ice sheet, which, as a small 
regional or piedmont glacier, thinning out toward the north, extended north- 
ward over a considerable portion of the Anaktuvuk Plateau, Its occurrence at 
that time l>eing, perhaps, similar to that of the Bering and Mnlaspina glaciers 
of to-day [on the Pacific seaboard of Alaska]. 

It is presumed that the glaciation of the Endicott Mountains east- 
ward from John and Anaktuvuk rivers, where Schrader observed 
its results, was similar throughout that part of the region occupied 
by the headwaters of Koyukuk and Chandalar rivers. It is known 
that on the sources of Canning River, which lies opposite the upper 
East Fork of Chandalar River, a few small mountain valley glaciers 
still e^sist, and that farther eastward, about 50 to 75 miles west of 
the 141st meridian, a group of mountains from 8,000 to 9,000 feet 
high carry some large glaciers. From the presence of these ice 
bodies it seems fair to surmise that glaciers of considerable extent 
remained in these mountains up to comparatively recent time. 

At the time of the maximum development of the ice the glaciers 
which occupied the larger valleys evidently extended for some dis- 
tance from the mountain front both to the north and to the south. 
On the north front of the Endicott Mountains, along the rims of the 
Anaktuvuk Valley, where it cuts across the Anaktuvuk Plateau, 
Schrader found evidence that the ice overflowed the valley and 
spread out over the plateau as piedmont ice sheets. This plateau 
surface, as it extends east and west along the front of the mountains 
between the larger valleys which cross it from south to north, was 
evidently overridden by an ice sheet that apparently completely 

> Schrader, F. C, A reconnaissanoe in northern Alaska : Prof. Paper U. 8. GeoL Soryey 
No. 20, 1904. p. 01. 
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covered the interstream areas. At least unconsolidated deposits of 
glacial drift are spread over this surface as a more or less continuous 
covering up to elevations of 2,500 to 2,600 feet above sea level. 

On the south front of the Endicott Mountains in the Koyukuk- 
Chandalar region there are no pronounced physiographic inter- 
stream features corresponding to the Anaktuvuk Plateau. There is, 
however, a broad, flat divide between the upper South Fork of 
Koyukuk River and the Chandalar whose highest parts stand at 
about the same elevation, 2,500 to 2,600 feet, as the surface of the 
Anaktuvuk Plateau, and deposits of glacial debris occur on this 
divide. These deposits of glacial detritus extend southward from 
the mountain front for about 15 miles, or to the northern edge of the 
Hodzana highland, and it appears that they were laid down there 
by a piedmont ice sheet which probably covered the whole area from 
east to west between large valley glaciers that moved out from the 
mountains along the present courses of the Chandalar and the Mid- 
dle Fork of the Koyukuk. 

Schrader ^ considers that the ice mass which evidently occupied the 
Koyukuk Valley may have extended as far south as the mouth of 
Kanuti River, or about 50 miles from the mountain front. The evi- 
dence he cites in support of this view is that the Koyukuk Valley 
region exhibits a generally rounded topography, suggestive of former 
glaciation, up to a height of 1,600 or 1,800 feet; that till-like deposits 
occur near the mouth of John River and on the west bank of the 
Koyukuk between Bettles and the mouth of Jane Creek, where they 
form bluffs about 100 feet high; that on the northeast side of the 
lower Alatna Valley what seem to be till terraces occur along the 
south side of Double Mountain up to a height of 1,600 feet; that 
just below the mouth of Alatna River there is a steep-faced exposure 
of clay and gravel, standing from 80 to 100 feet above the river, the 
lower 50 feet of which seems to be glacial till ; and that from the 
character of the topography glacial drift is suspected to occur along 
the east bank of the Koyukuk southward from the Alatna toward 
the mouth of Kanuti River. 

From the above-enumerated observations in this part of the field it 
is inferred that glaciation extended from the Endicott Mountains 
southward into the Koyukuk basin across the Arctic Circle and 
beyond Bergman. 

In that part of the Chandalar Valley which borders the north- 
eastern margin of the Hodzana highland from the Yukon Flats 
to the West Fork there occurs a more or less continuous series of 
terraces and sloping benches of unconsolidated Pleistocene deposits 
which form bluffs along the river 100 feet high. Schrader considered 

^ Schrader, F. C, A reconnalsBance in northern Alaska : Prol Paper U. B. QeoL Sarrej 
Mo. 20, 1904, p. 80. 
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some of this unconsolidated detrital material to be glacial till. He 
also observed glacial drift on the south side of this valley, opposite 
the mouth of Flat Creek, at a height of about 2,200 feet, approxi- 
mately the height at which similar deposits occur along the north 
flanks of the Hodzana highland to the west. From the above meager 
facts it may be provisionally suggested that the Chandalar Valley 
was occupied by a large glacier which extended nearly, if not quite, 
to the northern border of the Yukon Flats. 

To summarize briefly, it appears that at the time of their maximum 
extent glaciers extended southward along the larger valleys for some 
distance from the mountain front, probably at least 50 and possibly 
100 miles or more, and that the areas along the mountain front 
within 15 or 20 miles of and between these large valley glaciers 
were covered by piedmont ice sheets up to an elevation of about 
2,500 feet Taking 2,500 feet as the approximate upper limit of 
glaciation just beyond the mountain front, it may be stated that in 
general the surface of the ice rose from south to north and probably 
had an elevation of 5,000 or 6,000 feet on the mountains along the 
zone of supply, in the general position of the present watershed. 

Apparently all the trunk valleys across the Endicott Mountains 
have been modified by glacial erosion and have been more or less 
filled with products deposited as the glaciers wasted away and dis* 
appeared. The after effects of glaciation are shown in various ways 
within the mountains, principally, however, by the deposits along 
the valleys which have already been described (pp. 59-60). Some 
of the special features they present, which are of economic interest 
because of their association with gold-bearing gravels, will be noted. 

The surface of the region is predominantly one of bold mountain- 
ous character, whose principal features are rugged ranges, with gen- 
eral structural trends from northeast to southwest, and deep, but 
comparatively narrow, steep-sided valleys cut through the moun- 
tains by the larger rivers from north to south. The bottoms of the 
larger valleys are from 1,500 to 2,000 feet above sea level, and from 
a quarter of a mile to 2 miles wide. The mountains rise boldly and in 
places abruptly from valley bottoms to rugged heights from 2,000 
to 5,000 feet above the valleys, or 3,000 to 6,000 feet above sea level ; 
indeed, along the major divides some peaks rise to elevations of nearly 
7«000 feet 

The most marked features of the drainage are a north-south sys- 
tem of narrow, parallel major valleys deeply incised into the moun- 
tainous land mass, and an immaturely developed lateral drainage 
on the flanks of the mountain divides that separate the larger rivers. 
The downcutting along the larger valleys has been so rapid during 
the comparatively recent geologic history of this region that most 
of the drainage of secondaiy magnitude lateral to the rivers has not 
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been able to extend the areas of the tributary valleys, or wear them 
down to the level of the principal valleys, the result being that most 
of the creeks on which placer mining is done are rather swift, and 
have steep-gulch valleys, and in many places box canyons along their 
courses, especially in their lower parts, just before they join the 
larger valleys. Much of the placer gold mined has been taken from 
the comparatively narrow and shallow gravel deposits along the bot- 
toms of these tributary valleys. 

The main valleys appear to owe their present siae and forms chiefly 
to the former presence of large, long glaciers that had their sources 
on the Arctic divide to the north, and extended at least to the south- 
em flank of the Endicott Mountains. The large ice streams appear 
to have modified the shape of the cross sections of the main valle3rs 
by cutting away their lower slopes, and thus widening their floors 
somewhat and steepening them to the forms they have to-day, which 
are characterized by flat bott(Hns and abruptly rising sides. These 
steep sides are especially pronounced where formed by the truncated 
ends of the intertributary mountain spurs that are lateral to the 
main divides. In places these steeply truncated sides of the main 
valleys extend across the mouths of the tributary valleys, thus mak- 
ing them of the hanging-valley type. In most such places the 
streams in the discordant side valleys have partly cut their inmiediate 
channels down below the old floor levels of the hanging valleys, and 
now enter the main valleys through gorges or canyons (PI. VII, By 
p. 58). Other side valleys, however, enter the main valleys by wide 
mouths at accordant levels. 

When the large glaciers disappeared by melting, they left behind 
considerable quantities of unconsolidated material in the form of 
bowlders, cobbles, gravels, and silts, which now largely cover the 
floors of the valleys throughout their length and width. Very little 
of this material is now found in the form of unassorted drift. Most 
of it belongs to the class of glacial deposits that have been subjected 
to the vigorous wearing and assorting action of swiftly running water 
after the glaciers retreated. Along the flat lower parts of the vaUeys 
these deposits have been well graded and now occur in the form of 
partly sorted cobble beds, regularly arranged gravels, coarse cross- 
bedded sands, and fine silts and clays. They occur not only along 
the floors of the large valleys, but also as terraoes along their sides 
and back into the tributary valleys that open out from the mountains. 
In the middle part of the Tobin Creek valley and on lower Big Creek 
there are thick deposits of silt and clay which appear to have been 
deposited in small lakes that were formed along the borders of the 
glaciers in the lower parts of these side valleys at a time when the 
main valley glaciers dammed up their mouths with high barriers of 
ice. Most of the silts and clays of the dammed valley deposits appear 
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to have been derived from muddy glacial waters, but no douBt some 
of the silts may have oome from the upper parts of the side valleys 
above the areas formerly occupied by the lakes, and also from the 
&lopes that were above the levels of the lakes along their sides. Wise- 
man Creek, on the Koyukuk, occupies one of the best examples of 
these glacier-dammed and silt-filled valleys, where the silts and days 
have buried older gold-bearing stream gravels and where the later 
drainage has not been able to remove the glacial silt and clay filling. 
Tobin Creek is an example of a filled valley where the present drain- 
age has been vigorous enough to remove a large part of the clays and 
is now rapidly carrying away what remains. This is shown by the 
turbid silt-laden water of this stream from the '^ mud banks '' to its 
mouth. The lake that formerly occupied the basin of Wiseman Val- 
ley was apparently drained by several comparatively suddei\ drops 
to lower levels, with longer periods of rest between the drops. 
During the stationary periods bench deposits, or narrow beaches, 
were formed on the valley slopes at the positions of the different 
shore lines of the lake and the gold now found in these benches along 
the valley sides was no doubt concentrated in them at the mouths of 
gulches. The gold appears to have come from the bedrock of the 
mountain slopes above the lakes, and no doubt much of the gold now 
found in the benches at the lower levels is derived from similar 
benches at higher levels where gold was concentrated previously. 

On Tobin and Big creeks, in the Chandalar Valley, the old shore 
lines of the former lakes have not been traced or prospected and it is 
not known whether they occur at more than one level. On Wiseman 
Creek, in the Koyukuk Valley, the former glacial-lake shore lines are 
known to lie at several different levels. These have been prospected 
to a slight extent and the two lowest have been mined at several 
places along the east side of Nolan Creek. Placer gold is reported 
to occur on Tobin Creek, both below and above the locality where the 
stream is now washing away the clay deposits of the former glacial 
lake that occupied the lower half of its basin, but paying quantities 
have not yet been developed. 

As a result of this varied relief and its modified forms the uncon- 
solidated deposits of the valleys, whether gold-bearing or not, present 
many different features of character, position, depth, distribution, 
and condition. In some localities the erosion and deposition accom- 
l^lished during a former period of drainage development, which 
appears to have been largely the result of glacial conditions, seem 
to be responsible for the present nature of the placer-gold deposits, 
whereas at other localities glacial drainage does not appear to have 
effected the processes of erosion or the concentration of the gold, 
which appear to be such as are normal to an unglaciated moun- 

76032'— Bull. 533—18 5 
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tainous region. For example, the influence of a former glacial 
drainage does not appear to have extended to the part of the Chan- 
dalar district at the head of Big Creek, where most of the mining 
development has been carried on, nor to some of the streams in the 
Koyukuk district, such as the upper parts of Mjrrtle, Vermont, and 
Oold creeks. On the other hand, the ralley of Wiseman Creek and 
its gold-producing tributary, Nolan Creek, in the Koyukuk district, 
appears to be an example of a preglacial ralley where older gold- 
bearing stream gravels havt been buried beneath silts and clays, 
probably derived from por.ded muddy glacial waters, which the 
erosion since that time has not removed. The result is that the 
gold-bearing deposits of Nolan Creek are mined by means of shafts 
from 40 to 80 feet deep sunk through silts and clays to the buried 
gravels in the bottom of the bedrock valley. The placer gold in 
lower Hammond Creek valley appears also to occur in gravels that 
were deposited along the bottom of a preglacial stream bed which is 
now filled to the depth of 100 feet or less by later outwashed glacial 
sediments. 

BXOSVT 8EBIE8. 

The sediments of Recent time include all the unconsolidated de- 
posits that have been laid down along the present drainage courses 
and that are not considered to be of Pleistocene age. By far the most 
of the unconsolidated sediments of this region are assigned to the 
Pleistocene — ^that is, they are thought to have been laid down during 
the epoch immediately preceding the present one, when the drainage 
conditions were somewhat different, as outlined in the preceding 
section. As there stated (pp. 58-59), most of the Pleistocene sedi- 
ments occur in terraces and sloping benches that stand from 50 to 
1,000 feet above the flood plains of to-day. In general the present 
drainage system is cut down into the Pleistocene deposits, especially 
along the larger trunk streams, many of which flow at the bases of 
bluffs of unconsolidated sediments 100 feet and more in height. Most 
of the Recent alluvium is derived from these older unconsolidated 
sediments. The primary difference between the Pleistocene and the 
Recent deposits is that of position rather than of kind, and even in 
this regard the two are in places so intimately related by intergrada- 
tion that it is difficult to separate them with satisfaction. For the 
meet part the Recent sediments do not stand much above the flood 
plains of the present streams. As a rule benches of Recent silts or 
gravels are not more than 20 to 30 feet above the ordinary level of 
the streams which have laid them down. 

In the larger valleys, however, where the flood plains are wider 
and where basins have been silted up recently, the latest deposits 
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show other differences than those of position alone. They vary in 
composition, the Recent sediment being for the most part of a darker 
color than the older unconsolidated sediments with which they are 
closely associated at many localities, and the darker color appearing 
to be due to the larger proportion of vegetable matter mixed with 
them. The vegetable matter in the Recent silts is apparently derived 
in large part from the peat deposits which lie mostly on top of the 
silts, but which are also at many places interbedded with them. In 
fact, it appears that the peat derived from the heavy growth of 
sphagnum mosses over all the swampy lowlands may be considered 
the most characteristic and widespread of Recent deposits. Peat beds 
several feet in thickness, interbedded with the silts, are exposed 
repeatedly along the low-cut banks of many of the larger streams. 
There are also some lenticular beds of ice exposed along the cut banks, 
and considerable of this " flood-plain ice *' is deposited throughout 
the Recent alluvial lowlands. Where the rivers flow through low- 
lands the banks exhibit in many places alternating vegetable and silt 
layers, the former generally the more prominent. Associated with 
both there are scattered bowlders and embedded gravels, which are 
regarded as ice-bome. The surfaces of the flood-plain lowlands bear 
numerous ponds and lakelets, many of the latter being of the oxbow 
or abandoned -channel kind. 

Immediately along the larger streams the bars of gravel and sand 
are the most characteristic deposits. These are naturally best devel- 
oped on the inner sides of the wide curving bends of the larger rivers. 
Along the accordant drainage courses south of the Endicott Moun- 
tains such deposits are practically continuous, for at times of flood, 
especially in the spring, the rivers spread over valley floors, some of 
which are a mile or more in width, and deposit upon them a consider- 
able sheet of gravel and detritus, a large part of which is exposed 
when the streams fall to their more normal stages. 

Within the Endicott Mountains, where much of the lateral drainage 
is discordant with the trunk streams, the recently laid stream deposits 
are more or less disconnected and do not have well-adjusted gradients. 
Recent stream gravels at some places stand, as benches, at higher 
elevations above the streams that have deposited them than is usual 
south of the mountains. Alluvial fans are commonly developed at 
the mouths of tributary streams where they empty into the wide 
valleys of the larger rivers. In general the Recent stream deposits 
within the mountains are composed mostly of gravels and coarser 
detritus, and banks of silts and vegetable matter are not so common. 
The gold-bearing gravels and silts associated with them will be 
described in more detail in connection with the particular localities 
where prospecting and mining has been done. (See pp. 84-108.) 
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MINIXO. 

PBODUCTION. 

Since placer gold was found in 1899 on Myrtle Creek, a tributary 
of Slate Creek, successive discoveries have been made on other 
tributaries of the Koyukuk, with the general result that the yearly 
production has steadily increased during the last 10 years, the newer 
finds more than compensating for the decreasing yield of the older 
placers. 

The production of placer gold in the Koyukuk, though not so 
large in amount as that in the Nome and Fairbanks districts, has 
been noteworthy when its difficulty of access and small population 
are considered and has probably averaged higher per capita than 
that of any other district in Alaska. Since the discovery of the 
district its development has been practically accomplished with 
only its inherent mineral resources to aid mining enterprise, there 
having been, with one exception, no exploitation by capital from 
without the district. In other words, the Koyukuk stands as an 
entirely self-supporting mining community. 

Schrader ^ has published a table of production of gold for the 
Koyukuk district for the period from 1900 to 1903, based on the 
most reliable information he could obtain. The writer has endeav- 
ored to extend this table to the close of 1909 (p. 69). Schrader's 
table gives a total of $667,500. To this he added $40,000 as the ap- 
proximate output of sundry smaller diggings not given in the list 
for 1901; $6,000 as the output in 1899, derived mostly from Myr- 
tle and Slate creeks and various places on South Fork ; and $3,000 to 
$4,000 from Tramway Bar bench and river bars in previous years, all 
of which gave an aggregate yield for the district to that date of 
about $717,000. The revised and enlarged table presented here gives 
an approximate total production of $2,200,600 for the 10 years 1900- 
1909. Up to 1909 the output of the year 1903 appears to have been 
the largest. This is easily accounted for by the facts that the shallow 
diggings were then at their best and that the very easily mined grav- 
els on Mascot Creek jdelded about $100,000 during that summer. 
After 1903 there were several years of gradual decline in production, 
which appears to have reached its lowest point in 1906. The low 
yield for 1906 is partly explained by the rush to the new Chandalar 
placer district, about 75 miles east of Coldfoot, in August of that 
year, which took a number of meii from productive work in the 
Koyukuk a month before the summer mining season had closed. 
From 1906 to 1909 there was an increase of production each year 
which was derived largely from the deep placers on Nolan Creek. 

* Schrader. F. C, A reconnalMance in northern AUaka : Prof. Paper U. 8. Geol. Surrey 
No. 20. 1904. p. 102. 
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There is some mioertainty in assigning the figures of production 
since 1906 to separate calendar years, because the underground min- 
ing operations extend from one year into the next and the figures 
given for a particular claim cover parts of two years. In the table 
the production of Nolan Creek for 1908 and 1909, which has been 
the largest factor during these two years, has been arbitrarily 
divided; but it is thought that if the statements obtained as to the 
jrield are reliable the totals are good approximate estimates, and that 
the table as a whole is as fair a summary as it is possible to present 
from the information at hand. 

The gold production of the Koyukuk district declined during 1910 
and 1911, amounting to approximately $160,000 for 1910 and $140,000 
for 1911. During 1912 there was an increase over the two previous 
years, about $200,000 being the estimated yield. As detailed infor- 
mation is not at hand for apportioning the output for these three 
years to the various creeks, no attempt has been made to extend the 
table. However, probably 75 per cent of the gold output for these 
three years has been produced from the deep mines on Nolan Creek 
and new workings of deep gold-bearing gravels in the lower valley 
of Hammond Creek that have been developed during 1911-12. It is 
thought that the increase for 1912 may be chiefly credited to Ham- 
mond Creek. 

As thus estimated the total placer-gold production of the Koyu- 
kuk district up to 1912, inclusive, is about $2,700,000. 



EBiimated production of placer gold in the Koyukuk district from 1900 to 1909, 

by localities and years. 



Locality. 


1900 


1901 


1908 


1903 


1904 


1906 


1906 


1907 


1906 


1909 


Total. 


Middle Fork: 

Tnmway Bar... 
Twel vemile 
Creek 


S5,000 

1,000 
fiOO 

1,000 

40,000 

1,00U 
















3300 




38,000 

6.000 
2,(MW 
3.000 
182,000 
3,000 
500 


tl.000 
1,000 














Poiciipiiie Creek, 
aiate Creek 


































Myrtle Creek.... 
Clara Qnleh 


i:S 


150,000 


S3O,O0O 


315,000 


315,000 


15,000 


35,000 


36,000 


310,000 


KeUyOuteh 














"•••••• 




HarioD Creek 




















1,000 

160,000 

765.000 

208,000 

6,000 

30,000 

1,000 

35,000 

20,000 

10,000 
7,200 
1 200 


Nolan Creek 


37,0001 


40,000 


13,000 


15,000 


10.000 
14.000 
30,UU0 
2,000 
20,000 
500 


15,000 

40,000 

50,0UU 

2,000 


6,000 
90.000 
10,000 


5,000 

125.000 

5,000 


208, OOU 
5,000 


5,000 

288,000 

83,000 


Smith Gulch 








26,000 


Axchibald Ouleh 








Fay Qulch 








3,000 


3.000 
400 






2,500 


Iflnnie Creek.... 












Union Qttlch 




1.500 
2,000 


6,000 
3,000 








2,000 


Hammond Greek 


2,000 


2,000 

2,000 
2,000 


2,000 

2,000 

1,000 

1.000 

22,000 


2,000 








Ooldbottom 
Onk}h 










Swift Ooteh 














1,200 


Buckeye Oulch. . 






20,000 


•••*••" 






Vermont Creek . . 




5.000 


30,666 


26,000 


20,000 


20,000 

500 

3,000 

400 


10,000 

1.000 

2.200 

300 


20,000 
500 

3,000 

1,000 


172,000 

2,000 

232,200 

20,000 

10.000 


Sheep Creek 




OddCraek 

Linda Craek 


2,000 


50,666 


90,000 
8,000 


70,000 
10,000 


45,000 


24,000 


3,000 


Bettlfls RlTer: 
Emory Creek 












Qtmet Creek.... 




















1,000 


Mnto Creek 




::;::::. ::::::i 








300 








1,000 
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Estimated firo^^tion of placer gold in the Koyukuk district, etc, — (Continued. 



Looality. 


1900 


1901 


1902 


1903 


1904 


1906 


1906 


1907 


1908 


1909 


Total 


Boath Fork: 

Oold Beneh . . . . x 


126,000 

600 

1,600 

600 


900,000 


120,000 


116,000 


$5,000 












$126,000 














2,000 


Ombstake Fur , 


1,600 


















4,000 


Eagtoeliir Bench. 
Davis Creek 


















1,000 




















6,000 


GalUornia Creek. 




1,000 
600 


















3,000 


Jfn <?ii]ich. 
















$1,000 


$1,000 


3,000 


North Fofk: 

Manot Creek.... 






100,000 
2,000 


25,000 
2,000 


$20,000 
1,000 






145,000 


Washington 
Creek 
















6,000 


Wild Riyer: 

Birch Creek 








$5,000 








10,000 


Lake Creek 










1,000 








2,000 


Bpiioff Creek 












$5,000 


1,000 


1,000 


7,000 


John Rlv«r: Crevfce 
Cimk 










2,600 






2,600 


























107,000 


173,600 


200,000 


301, 00«2Q0, 00o|l96, 20o|l41, 700 168, 90o|288. 80o|418, 200 


2,200,600 



The results of mining as summarized above have been acconn- 
plished by an average of 100 men a year who have actually worked 
at mining. Some men have left the district each year, but others 
have come to replace them. If the average cost of production is 
placed at about SO per cent of the total yield, about $1,350,000 may 
be considered the amount of wealth that has been taken away from 
the Koyukuk district during its mining development by those who 
have become satisfied with their gains and have departed from 
Alaska for ^^ the outside with a homestake," as it is called in that 

coimtrv. 

The Koyukuk placer gold is of a high grade. Its refined value 
varies from $18 to over $19 an ounce. The unrefined gold has passed 
in commercial exchange at $17 an ounce until 1909, when it was 
allowed a value of $18 an ounce. 

The subjoined table gives an estimate of the production of both 
gold and silver from 1900 to 1911 : 

Estimated production of placer gold and silver in the Koyukuk district from 

1900 to 1911. 



Year. 



Gold. 



Fine 
ounces. 



1900 
1901 
1902 
1908 
1904 
1906 
1906 
1907 
1906 
1909 
1910 
1911 



6,176.13 

8.393.06 

9.675.00 

14,560.87 

9.675.00 

9.442.80 

6.854.74 

8.170.53 

11,551.95 

20.230.42 

7,740.00 

6,772.50 

118,243.00 



Value. 



$107,000 
173,500 
200.000 
301,000 
200,000 
195,200 
141,700 
168,900 
238.800 
418,200 
160,000 
140,000 

2,444,300 



Silver. 



Fine 
ounces. 



310 
603 
581 
874 
680 
567 
411 
480 
693 
1,214 
464 
406 

7,093 



Value. 



$192 
302 
308 
480 
286 
346 
280 
323 
367 
631 
250 
215 

3,980 
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XBTHODB OF KIKINa. 
SURFACE MINING. 

ShflUow placer mining can be most economically conducted by ex- 
cavating some kind of opening into the natural surface of the de- 
posit and removing all the material associated with the gold down 
to the real or " false " bedrock, upon which most of the gold generally 
rests. The methods of moving the unconsolidated material are 
many — ^hand shoveling, ground sluicing, hydraulicking, horse or 
steam scraping, steam shoveling, derricking, and dredging, singly or 
in various combinations. Where the more efficient mechanical means, 
such as steam shoveling or dredging, are employed for moving the 
gravels from open surface excavations, placer deposits 40 feet or less 
in depth may be termed shallow and, if frozen, may be thawed 
artificially to this depth to facilitate the operation of heavy excavat- 
ing machinery. If the deposits are treated by ground sluicing or 
hydraulicking with plenty of water, the thawing of frozen ground 
may sometimes be accomplished to this depth as the excavating 
progresses. But as soon as the depth increases beyond a point where 
the deposits can not be worked profitably by surface excavating 
methods they merge into the class of deep placers. Whether any 
particular deposits may be properly called shallow or deep placers 
depends upon the method of working employed, for the two classes 
may overlap. 

In the Koyukuk only the methods of hand shoveling, ground sluic- 
ing, and hydraulicking have been used up to the present time. Hand 
shoveling, sometimes in combination with a little ground sluicing, in 
the shallow unfrozen stream and bench gravels less than 6 feet deep, 
has been the method by which most of the gold has been mined in 
this district. Six feet may be considered about the limit of depth 
of shallow unfrozen ground that may be mined profitably by hand 
shoveling, and deposits of this kind are naturally the best suited for 
immediate development by men whose principal capital is hardihood 
and a willingness to work. Consequently these shallow placer de- 
posits are the kind most sought for, because they yield the largest 
returns for the least apparent investment of time and capital. There 
appears to be little doubt, however, that the crude manual methods 
it has been necessary to employ in this district up to the present time 
are exi>ensive and have failed to save all the gold originally in the 
gravels, and that there are considerable deposits of shallow gold- 
bearing gravels that can never be worked successfully by pick and 
shovel but may be mined with hydraulic equipment. So far the 
only hydraulic plant is the one on Myrtle Creek (pp. 88-89). 

UNDERGROUND MINING. 

Deep mining is the kind that is carried on beneath the ground with- 
out changing the surface configuration. This method is ad»L^\.^^ 
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for mining deposits in which the valuable strata are so deeply buried 
under barren material that they can not be mined successfully by 
any kinc} of open surface works. Deep gold-bearing deposits are 
the most distinct class of placers, because they can be practically 
worked by only one method of mining. This method consists in 
sinking shafts down to the gold-bearing strata and mining these 
beds out by lateral drifts, or, if the deposit is a favorably situated 
thick bench, by carrying drifts alone into the deposit along the gold- 
bearing beds. As these deposits are generally solidly frozen in north- 
em Alaska, the usual practice is to thaw them by the use of steam. 
Such operations have been extended to depths of 200 to 300 feet. 
Owing to the generally frozen condition of the thick unconsolidated 
deposits the method of mining the deeply covered placers they con- 
tain is practically the same throughout Alaska. The necessary ma- 
chinery for this class of placer mining, with various local improve- 
ments suggested by experience, has been well perfected in the Fair- 
banks and Nome districts during the last 10 years, and these towns 
are the centers of supply for such machinery for Alaska. The equip- 
ment consists of a suitable-sized steam boiler and hoist, small and 
light for prospecting and larger for regular mining, together with 
steam pipes, pieces of steam hose, fittings, and a supply of strong 
hollow bars about 6 feet long provided with steel points at one end 
and a pounding head at the other for driving into the frozen ground 
to introduce the steam. 

The Koyukuk district, being difficult of access, is not well pro- 
vided with this kind of equipment. The supply there at present is 
not only inadequate but poor and expensive. Most of the boilers are 
patched-up makeshifts. Pipe, hose, and fittings are scarce, and the 
prices asked for them are unreasonable. Because of this imsatisf ac- 
tory commercial condition, the method of prospecting with steam 
boilers and hoists has not been used systematically on the deep gravel 
deposits. Productive mining of this kind has been carried on, but 
these operations are confined principally to about half a dozen claims 
on Nolan Creek, one claim on lower Vermont Creek (pp. 93, 96, 98), 
and the valley of Hammond River, of which Vermont Creek is a 
tributary. 

COSTS AND WAGES. 

It is impossible to give a detailed analysis of the commercial min- 
ing status of the Koyukuk district, because direct evidence in the 
form of actual figures from books is not available, but from general 
information the principal features may be outlined. 

All the goods consumed by the residents of this district, with the 
exception of a very small amount of game and fish procured locally, 
are brought from the States, and the freight charges alone for de- 
livery at the mining localities are from 10 to 20 cents a pound. 
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Prices in 1909 were considerably below the average for the pre- 
rious 10 years as a result of recent competition in the commercial 
enterprise of the district. Likewise the present scale of wages is 
considerably less than it has been during the past, and no doubt if 
accurate figures could be obtained they would show that the high 
retail prices of provisions have directly controlled the scale of wages. 
The amount of supplies available has had considerable influence on 
prices. On a number of occasions a shortage of some articles has 
occurred in spite of the high prices asked, and 1909 was the first 
year in the history of the district in which a satisfactory amount of 
provisions was in stock at the mining settlements when summer 
transportation on Koyukuk River closed. 

Very few miners in this district keep good records of costs of op- 
eration, and it is difficult to obtain accurate statements of the yield 
of gold, so both have to be approximately estimated in order to make 
comparisons. 

The annual cost of proper food and clothing for tiie average pros- 
pector or miner in 1909 was about $1,000. Ordinary manual labor 
at present is paid from $4 to $6 a day, with food. The cost of food 
per man varies from $3 to $5 a day, according to the cost of trans- 
porting provisions from the settlements to the places where mining 
is being done. Before underground mining was developed on Nolan 
Creek, in 1906, there was little demand for day labor, and when men 
were employed for a period of time the usual wage was $1 an hour, 
without board ; but a large part of the mining, especially the shallow 
shoveling kind and considerable of the deep mining, is done by 
groups of men who enter into partnerships and work on shares. 

Under present commercial conditions only the richest placers of 
this district yield returns that are considered an adequate reward. A 
few of the most profitable operations are stated to have been con- 
ducted with a profit of 70 per cent of the gross yield of gold, or at a 
cost of 30 per cent of the production. These results, however, have 
been obtained only in a few localities of the richest deep ground on 
Nolan Creek and in the most easily worked shallow unfrozen ground, 
notably on Mascot Creek. Most of such opportunities have 
been short lived, and a large part of the mining has been done with 
a relatively low percentage of profit, so low in many instances as to 
furnish no more than a bare living under the harsh conditions of 
climate and isolation that characterize this region, where only the 
optimism that is the predominant characteristic of the gold-seeker's 
temperament serves to stimulate many of these men to continued 
effort from year to year. 
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ECONOMIC GEOLOGY. 

GBNESAL CONDITIONS. 

In the Kojrukuk district the only mineral of present oommercial 
value is placer gold. So far as known to the writer no lodes carrying 
gold in commercial amounts have been found in the district and little 
bedrock prospecting for such deposits has been done. 

Little evidence of the presence of promising veins of quartz is to 
be seen on the moss and turf covered mountain slopes, and where vein 
quartz is exposed or indicated by talus fragments along the higher 
bare ridges or in the stream cuts it is for the most part of the barren 
unmineralized kind commonly called ^^bull quartz.'' Veinlets of 
quartz containing free gold and pyrite have been found occasionally, 
but these are usually less than an inch thick and only a few feet long 
and, so far as known, are so irregular and scattered as to be of no 
value for lode mining. Nevertheless the probability of the occurrence 
of workable gold-lode deposits in the Koyukuk district can not be 
said to be wholly unfavorable. In the absence of actual lode dis- 
coveries the only suggestion that can be offered as to the most likely 
areas is to call attention to the distribution of gold gravels along cer- 
tain streams where all the evidence points toward the probable deri- 
vation of the placer gold from the bedrock of the areas in which 
such streams have eroded their drainage basins. On the assumption 
that the gold has its bedrock source in some mineralized form within 
such areas it is desirable to examine them thoroughly enough to 
determine the presence or absence of mineralized veins or stockwork 
zones of workable dimensions. 

A good illustration of such an area is afforded by a mountain 
mass about 4 miles square bounded by Middle Fork of Koyukuk River 
on the east, Hammond Creek on the north, Vermont and Nolan creeks 
on the west, and Wiseman Creek on the south, within which the 
gravels of nearly all the gulches contain more or less placer gold. 
It appears to the writer that the placer gold of Nolan Valley, which 
flanks the southern half of the western slopes of this area, has been 
largely if not entirely derived from gravels that have been washed 
mto the valley from the tributary gulches along the east side. The 
most important of these gulches, named from south to north, are 
Smith, Archibald, Fay, and Webster; these, together with several 
unnamed gulches, have their basins eroded from the southwest por- 
tion of the mountain area defined above. Likewise the gold-bearing 
east branch of Vermont Creek is eroded from the northwest part of 
this mountain mass. On its north flank, between Vermont Creek and 
the Middle Fork, where this same mountain area forms the steep 
southern side of the lower valley of Hammond Creek, it is dissected 
by several gulches, the larger of which are named, from west to east, 
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Buckeye, Swift, and Goldbottom. The gravels of these gulches con- 
tain more or less placer gold, which is undoubtedly derived from 
the bedrock of the mountain mass to the south out of which they 
have been eroded/ Like the gulches tributary to Nolan Valley 
already mentioned, these gulches appear to be the feeders that have 
supplied most of the gold now found in the deep gravels of Hammond 
Valley. The east side of this area is dissected by Confederate, Union, 
and several smaller gulches which discharge into the Middle Fork. 
Both Confederate and Union gulches contain workable gold-bearing 
gravels. 

To summarize, it may be stated that the gravels of practically all 
the larger gulches that are eroded into the bedrock of the mountain 
mass under consideration contain placer gold. It is not uncommon 
to find pieces of unworn angular quartz in the gravels of these 
gulches with rough vein gold attached to or embedded in them. A 
few veinlets of quartz containing free gold and pyrite are known to 
occur in place and a phyllite schist member of the bedrock of this 
area is mineralized with gold-bearing pyrite. There is no doubt 
that gold occurs in the bedrock of this mountain area, and there can 
be little doubt that the source of a large part of the placer gold of all 
these gulches is in the bedrock of the mountain mass from which 
they have eroded their basins. These placers are rich enough to 
warrant the assumption that the mineralization of bedrock is consid- 
erable. Therefore it seems that this mountain area is a favorable one 
to prospect, with the object of discovering the gold in definite lodes 
or zones, although it may be learned that the gold is so dispersed 
throughout the bedrock as not to form workable lodes, especially in 
a region like this where the mining costs are high. 

In the Chandalar district, on the other hand, probably the most 
promise lies in its known quartz-lode gold deposits, for the placers 
so far found there appear to be rather local alluvial concentrations of 
gold derived from quartz veins near by. A number of these veins 
have been located and prospected since 1907, but no producing mines 
have yet been established because of the difficulty in transporting the 
necessary mill machinery and supplies to the camp. Several of the 
quartz bodies that have been opened have yielded remarkably good 
assays. Within 75 feet of the surface much of the gold is free, and in 
the one or two places where prospecting has been extended to a depth 
of about 100 feet the free gold content of the sulphide ores is still* 
marked. A more detailed account of this district is given on 
pages 110-116. 

Indications of other minerals besides gold are occasionally found. 
For instance, pieces of galena are in places associated with the placer 
gold, and this mineral is reported to occur at several localities in 
the limestone belt that lies northwest of the gold-bearing schists. 
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One of these localities is in the upper valley of Wild River and 
another is on Bettles River. Native copper and silver are reported 
to have been found in small amounts on a northern tributary of 
Bettles River in association with placer gold. 

On the Middle Fork' just above Tramway Bar, in the southern 
part of the Koyukuk district, there is at least one coal bed of work- 
able thickness. It is about 12 feet thick. The middle 9 or 10 feet is 
good fuel of a Tow-grade bituminous quality, but no development of 
it has been undertaken up to the present time, though it should prove 
to be serviceable for local use. 

HISTOBICAL OTTTLIKE. 

Placer gold was first found in this region in the river bars of the 
Koyukuk some time between 1885 and 1890, when it was visited by 
a few of the first prospectors who came to the lower Yukon Valley. 
John Bremner, who was killed by an Indian on Hogatza River in 
1888, was one of these pioneers. 

Previous to 1898 the placers at Tramway Bar bench, and two other 
localities several hundred miles down the river, named Hughes and 
Florence bars, appear to have been the best-known occurrences of 
placer gold in the Koyukuk Valley, and it is estimated that about 
$4,000 worth of gold was mined from them. It is interesting to 
note that Florence Bar is only a few miles below the newly devel- 
oped Red Mountain placer gold district, situated on the central 
Koyukuk about 380 miles up the river from the Yukon. Here, in 
1910, gold-bearing gravels were found in the basin of Indian Creek, a 
tributary from the east about 4 miles above Waite Island. A new 
settlement named Hughes has been established on the east bank of 
the Koyukuk a short distance above Indian Creek, but it has not 
been learned whether or not the situation of this settlement has any 
reference to the former Hughes Bar diggings. The gold of Florence 
Bar may have been derived from some of the gold-bearing tribu- 
taries in this vicinity, such as Indian Creek. 

Since 1898 prospectors have searched for gold within the valleys 
of all the headwater branches of Koyukuk River, with the result 
that placer gold has been found in greater or less amounts in the 
gravels of some of the tributaries of John and Wild rivers and the 
Jforth, Middle, and South forks of the Koyukuk, and also about the 
source of Big Creek in the Chandalar Valley. Search has also been 
made for gold in the valleys of Dall and Hodzana rivers, and it is 
reported that prospects have been found on some of the tributaries of 
these streams, but so far there has been no production from this part 
of the region. 
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BISTBIBUTIOH AHD GEOLOGIC ASSOCIATION 07 GOLD. 

The search for gold, which has been carried on more or less 
actively throughout the Koyukuk-Chandalar region since 1899, has 
been best rewarded on the tributaries of the Middle Fork. Placer 
gold is now known to occur in many of the creeks and gulches tribu- 
tary to this river, from Chapman Creek and Tramway Bar on the 
south to the head of Bettles River, this being roughly the section of 
the Middle Fork drainage basin which lies within and crosses the 
northernmost belt of Birch Creek schist in this region, described on 
pages 35, 38-49. (See PL V, in pocket. In fact, with two exceptions, 
the streams furnishing by far the largest amount of placer gold from 
the Eoyukuk-Chandalar region lie within the drainage area of the 
Middle Fork of the Koyukuk. The notable exceptions are Mascot 
Creek, a headwater tributary of North Fork, and South Fork at 
Gold Bench. 

It is only from five to six of these streams that gold may be mined 
profitably under present conditions, and in many places work has 
been carried on from year to year with considerable uncertainty as 
to the result This uncertainty is due in part to the nature of the 
gravel deposits but largely to the high cost of all supplies and to the 
primitive methods of mining, which in turn may be attributed to 
the general remoteness of the region. 

The general features of relief are similar in every way throughout 
both the Koyukuk and Chandalar districts, and the development of 
the drainage system that has formed the dominant features of the 
region and the widespread deposits that have been laid down by the 
streams of this system are so intimately associated with some of 
the gold placers that it seems more logical not to separate the 
descriptions of their relations. The principal characteristics of 
this association have already been outlined (pp. 58-67). More 
detailed descriptions of the placer gold-bearing gravels and their 
geologic association with the widespread gravel deposits of the 
region will be given for particular localities (pp. 84-110). 

It is obvious that the gold-bearing gravels which are buried be- 
neath silts, such as those which partly fill the valleys of Nolan Creek 
and Hammond River to depths of 50 to 100 feet and more, must have 
been laid down before the silts were deposited and are therefore older 
than the silts. If the silts were deposited in these valleys during 
glacial time the bedrock troughs of the valleys and the gold-bearing 
gravels along their bottoms must be older than the stage of glacia- 
tion during which the silts accumulated. As the period of glaciation 
of the Endicott Mountains is considered to be contemporaneous, in 
a general way, with that of the rest of North America — that is, of 
Pleistocene age — it seems that some of the placer gold-bearing gravels 
of this region are at least as old as early Pleistocene. 
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It is possible that before the glaciers were formed some of the 
valleys of this region contained gold-bearing gravel deposits which 
were not favorably situated to escape the erosion of the ice and which 
consequently were removed and had their gold contents scattered 
throughout parts of the widespread outwash gravels already de- 
scribed. (See pp. 68-66.) This may account for the particles of gold 
said to be found by prospectors in the terrace gravels at many places. 
It is probably correct to say that the geologic age of the placer gold 
ranges from early Pleistocene to the present 

CLASSES OF PLAGEBS. 
CRITERIA FOR CLASSIFICATION. 

The methods of working gold-bearing deposits of gravel depend 
upon their kind and condition. .As the kinds and conditions are 
merely the result of various intergradations of common geologic 
processes — the wasting away of the hard country rocks by erosion 
and the transporting, wearing, sorting, and depositing of the 
loosened materials by water, both in its fluid and frozen state — ^no 
sharp distinction can be drawn between the various classes of placer 
deposits. At the same time they present some differences that may 
be used to separate them into more or less distinct groups and 
classes. 

The placers in the Koyukuk district may be classed according to 
the position, thickness, and composition of the various members of 
the unconsolidated formation in some particular layers of which the 
gold usually has been more or less concentrated in commercial 
quantities by the moving water that has washed down or built up 
the deposits to their present form. These placers may be divided 
into two groups, one of which occupies the bottoms and the other 
the side slopes of the present valleys. Each of these groups may 
in turn be subdivided into two classes, one in which the percentage 
of barren covering material associated with the gold is small, and 
another in which it is large. 

PRESENT STREAM PLACERS. 

The group of deposits that occupy the immediate bottoms of the 
valleys and that usually lie along the channels of the present streams 
consists of two classes. The first class comprises shallow gulch, 
creek, or river placers in which gold is usually found on or near 
bedrock in a bed of gravel from a few inches to 4 or 5 feet thick. 
These deposits are generally in unfrozen condition during the sum- 
mer while the streams are flowing. To mine them.it is necessary to 
move mechanically practically all the overlying unconsolidated mate- 
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rial and in places also the upper part of the decomposed country rock. 
The second class comprises gulch, creek, or river placers in which the 
gold-bearing gravels, as in the first class, lie usually on or near bed- 
rock along the bottoms of the present valleys, but in which they 
have been deeply buried, in places to a depth of several hundred feet, 
bv gravels, sands, and clays, and locally by a mixture of vegetable 
matter commonly called muck. The whole overburden is generally 
quite barren of gold, and on top of it flow the present streams. These 
deep deposits are generally solidly frozen throughout the year except 
during the summer in places where streams flow over their surfaces, 
and except in some of their more porous beds of gravel where under- 
ground water is plentiful enough to circulate rapidly. To mine these 
buried deposits successfully it is necessary to remove the part which 
contains gold in commercial quantities with the least expense. This 
is usually accomplished by moving as small a percentage of barren 
material as possible. 

Of the two classes the shallow, periodically unfrozen placers may 
be considered the younger and more primitive, because this is the 
position and condition the pieces of gold assume when they are first 
detached from their bedrock sources by the agencies of disintegration 
and delivered to the agencies of transportation (chiefly moving 
water), to be carried and concentrated in the form of placers. 

BENCH PLACERS. 

The second group of placers comprises the deposits that do not 
occupy the present stream channels or bottoms of the valleys but 
are in positions on either or both sides of the valleys, usually at 
higher levels, where they were deposited when the streams formerly 
flowed from a few to several hundred feet above and to one or the 
other side of their present positions. These deposits are generally 
called bench placers, and they may be subdivided according to posi- 
tion alone into high and low deposits, to express merely their height 
relative to the present drainage levels. Those that contain gold, 
however, may be best subdivided into two classes, like those of the 
first group — that is, according to the position of the gold-bearing 
layers in the deposit and the relation of these layers to the thickness, 
composition, and condition of the various materials. One class in- 
cludes shallow bench placers where a stream does not now flow over 
the gravels and where the gold is associated with gravels a few feet 
or less thick, resting either on bedrock or on a layer of more or less 
compact unconsolidated material that answers the same purpose and 
is called " false bedrock." Shallow bench placers are mined in a 
manner similar to shallow gulch or creek placers, by moving prac- 
tically all the material in the gold-bearing area from the surface 
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down to the real or " false " bedrock. The other class of this group 
comprises deep bench placers where the gold-bearing gravels are the 
same as those of the shallow class but are covered by an overburden 
of considerable thickness that generally does not contain gold in com- 
mercial quantities. These placers can be best mined by methods that 
do not disturb the surface configuration of the deposit — that is, by 
means of shafts and drifts or by drifts alone. 

UNCONSOLIDATED FORMATIONS. 

The condition of the water, whether frozen or liquid, contained in 
the unconsolidated deposits of this region is important, for it directly 
governs the method of working best adapted to get any valuable 
minerals they may contain. Over all northern Alaska the unconsoli- 
dated deposits, whether gold-bearing or not, are as a rule firmly 
bound together by widespread and almost constant frost or ice 
throughout their thickness and extent. This condition also extends 
to some depth into the hard country rocks wherever percolating 
water penetrates them. The amount of unfrozen ground in north- 
em Alaska is a very small percentage of the whole, and even this 
IS usually in an unfrozen condition only for about one-third of the 
year, during the season of flowing surface water or the few months 
of summer. Occasionally the larger streams carry enough circulat- 
ing water through the more porous beds of gravels in their valleys 
to maintain an unfrozen condition throughout the whole year. 

The placers of the Koyukuk district may be classified according 
to the three elements of position, thickness, and composition, but 
the fouAh element, that of condition, applies so uniformly to nearly 
all the unconsolidated deposits for the whole or larger part of each 
year that it is not so distinctive as the other three elements. It is, 
however, 6f much more economic importance, because the progress 
of placer-mining development is largely governed by the frozen or 
un&ozen condition of the unconsolidated formation. 

SUMMARY or OUASSiriCATION, 

The following statement is an attempt to express the above classi- 
fication more concisely : 

Classes of placers in the Koyukuk district. 

Group I. Present stream placers. Deposits occupying a position In or ander 
the present flood plains : 
Class 1. UncoTered. Shallow gulch, creek, and river placers in w}iich gold 
is found on or near bedrock associated with gravels from a few inches 
to 5 or 6 feet thick along the immediate beds of present streams. Largely 
tmfrozen during the summer season of flowing water. Easiest and 
cheapest to mine. 
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GUm 2. CoT«r«d. Tbe wme kind of placec as cIabb 1 above, in the mne 
position near bedrock, but burled to deptbs in places as great as several 
hundred feet by alluvial deposits that generally do not contain paying 
quantities of gold. Largely frosen solidly throughout the year except on 
the surfkce during summer. More difficult and expensive to mine. 
Group II. Old stream placers; bench placers. Deposits occupying positions on 
either or both sides of and usually at higher levels than the present flood 
plains. 

Gass 1. Uncovered. Bhallow gulch, creek, and river placers of former 
drainage channels, where the gold is associated with a few feet of gravel 
OQ top of eitlier bedrock or unconsolidated deposits. Often unfroaen. 
Basiest and cheapest to mine. 

Class 2. Covered. The same kind of placer as class 1 above, where the 
gold-bearing layers may rest on bedrock or a compact layer and are 
covered to a considerable depth by later deposits that generally do not 
contain paying quantities of gold. Generally solidly frozen throughout 
the year. More difficult and expensive to mine. 

The foregoing classification of the Koyiikuk placers applies equally 
well to all the stream placers of Alaska, except that frozen ground 
is not so deep nor so general on the Pacific slope portion, where the 
climate is not so severe. 

A group for residual placers, which in natural sequence should pre- 
cede group I of stream placers, and a group for beach placers, which 
should follow group II of stream placers, in all making four groups 
of placer deposits, would complete the above classification. Kesidual 
and beach placers have not been considered here, because in the 
Koyukuk district they are very scarce. 

In the Ko]rukuk district gold-bearing bench deposits are common 
and probably more extensive in area than the creek and gulch placers. 
The benches occupy positions from low banks along the present 
streams up to heights of several hundred feet on the side slopes of 
the valleys. So far they have not been mined as extensively as the 
creek and gulch deposits, because most of them are not in favorable 
positions with regard to water supply for profitable mining with 
a small amount of invested capital. They will best be treated by 
hydraulic methods, and this form of mining has not been developed 
to any extent in this district. 

Thus the Koyukuk placers range from shallow deposits that are 
unfrozen during the summer to those that are deep and permanently 
frozen. The arrangement here adopted expresses in a general way 
the natural progressive sequence of formation from the younger to 
older kinds, and from the easiest and cheapest to the more difficult 
and expensive to mine. Though there are all gradations between 
the most shallow unfrozen to the deepest solidly frozen kinds, with 
regard to methods of working they may be conveniently separated 
into two kinds — shallow and deep or surface and underground. 

76082*-~Bun. 682—18 6 
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80T7BGB or PLACES GOLD. 

It has already been noted that the Birch Creek schist of the Koyu- 
kuk district contains a carbonaceous schist or phyllite that has been 
well silicified. The quartz is rather finely and uniformly dissemi- 
nated throughout much of the rock, but in some places it occurs 
largely in the form of gashed and laced stringers of secondary quartz 
and in more or less lenticular or knotty bodies that have a general 
tendency to swell and wedge out and follow the curves and crehula- 
tions of the schistose structure. In other localities more intense 
metamorphism appears to have altered the carbonaceous rock with 
its quartz content into a micaceous quartz schist. That is, this rock 
apparently varies horizontally from a carbonaceous phyllite, locally 
having slaty cleavage, to a carbonaceous schist with more or less 
secondary quartz, at some places finely disseminated, at others more 
or less segregated ; and here and there it has been still further altered 
into a more typical schist of the micaceous quartz variety, some of 
which shows graphitic phases. 

The form in which the secondary quartz occurs at different locali- 
ties has undoubtedly been largely influenced by the relative physical 
rigidity of the various rock members. The more rigid quartzitic 
phases and igneous rocks have been fractured or shattered into frag- 
ments and blocks, affording opportunity for quartz to be deposited 
in gashed and laced veinlets, while the members of finer-grained 
texture appear to have been kneaded like putty rather than broken, 
and as a consequence the quartz now contained in them is more finely 
and evenly disseminated and is not so conspicuously segregated as in 
the harder rocks. 

The disseminated and segregated quartz content of these rocks may 
be an original constituent or it may have been introduced by migrat- 
ing solutions from other rocks during the progress of metamorphic 
changes, or it may very probably have been derived from both tiiese 
sources through a long period of metamorphic alteration. Where 
the rOck is fine textured and is a more typical phyllite the quartz is 
more finely disseminated, and locally, at least, this phase also con- 
tains a considerable amount of gold-bearing pyrite distributed 
through the rock as well-formed, sharp individual crystals. The 
rock at such localities might be called a pyritized phyllite or schist. 
A selected sample of fresh sharp crystals of this pyrite from Nolan 
Creek assays $1.24 in gold to the ton. Where the quartz content of 
the rock occurs more in the form of knotty segregations and veinlets 
the pyrite is present in both the country rock and the quartz, though 
most of the quartz appears to be quite barren ; but some weathered 
pieces of this quartz show oxidized pyrite, cubical cavities from 
which pyrite has evidently been removed, and small flakes and par- 
ticles of free gold. Assays of samples from the quartz segregations 
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and veinlets that ooeur in the micaceous quartz schist phase of these 
rocks show that gold occurs sparingly in that phase also. 

The evidence outlined above appears to be sufficient to warrant the 
conclusion that the placer gold of the Koyukuk district has its chief 
source in the carbonaceous phyllite and micaceous quartz schist 
phases of the Birch Creek schist, because the pyrite that formation 
contains is known to be gold bearing and the quartz veinlets and 
lenses characteristic of parts of it are known to contain free gold. 
No doubt the form and condition of the gold as it now occurs in the 
bedrock are the result of one or more cycles of complicated changes 
and segregations, and the coarser placer gold in the gravels repre- 
sents gradual accumulations frc»n the erosion of a great amount of 
this mineralized country rock. Whether the mineralization was con- 
fined to any particular rocks, and if so what its distribution within 
the rocks may be, can not now be definitely stated. Only detailed 
study will show the real relations and the manner in which they have 
come about. 

In the Koyukuk district proper the evidence goes to show that the 
placer gold has, for the most part, been derived from stringers and 
veins, in the schists and slates. The definite relation of these to the 
intrusive rocks is not so evident as it is in the Chandalar district, 
where the facts in hand go to indicate that the mineralization is 
genetically related to the intrusion of granites and granodiorites. In 
this field some fairly well defined quartz veins have been found and 
considerable prospecting has been done on some of them. These 
veins occur in association with intrusive rock, a fact which is in 
accord with the general law governing gold mineralization in other 
parts of Alaska. This law is, in effect, that the mineralization is 
closely connected with granitic or dioritic intrusives. Some evidence 
has been presented elsewhere (p. 33) indicating that the mineraliza- 
tion in the Koyukuk district may not have been confined to the schists 
but may also have occurred in the younger Mesozoic rocks. It need 
hardly be added that the evidence at hand is not sufficient to deter- 
mine definitely that the district may not contain auriferous veins 
which are genetically related to the intrusive rocks. 

THE PLACEBS. 
KOYUKUK DISTRIOT, 

DBAzvAOE BAsnra 

The Koyukuk district may be considered to embrace all the area 
drained by the North, Middle, and South forks of the Koyukuk, 
lying approximately between 67° and 68° north latitude and 149° 
and 150° 50' west longitude and covering about 4,000 square miles. 
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The name Middle Fork is here applied to that branch of the Koyu- 
kuk which is formed by the confluence of Dietrich and Bettles rivers 
abd flows southward and westward about 75 miles to the point where 
it is joined by the North Fork, 37 miles below Coldfoot. (See map, 
PI. I, in pocket.) The valley of the North Fork is the drainage basin 
immediately west of and roughly parallel to that of the Middle Fork, 
and the valley of the South Fork occupies the area east and south- 
east of the Middle Fork that lies between it and the drainage of the 
Chandalar basin. These three drainage basins may be considered to 
constitute the Koyukuk placer gold district, which is noteworthy as 
one of the most northerly mining communities in the world. Of the 
three the valley of the Middle Fork is the largest and by far the most 
important in the region so far as placer mining is concerned. Its 
gold-bearing creek, gulch, and bench deposits will be described first 
and considered in upstream order from south to north. 

XXBDLE 70BX OF KOYVKUK BTVEB. 
TBAMWAT BAB AHD CHAPMAN OBEBK. 

Tramway Bar is one of the earliest known localities for placer 
gold in the Koyukuk Valley. Together with two other localities, 
Hu^es and Florence bars, it was known and visited by a few of 
the first prospectors who came to the lower Yukon Valley between 
1885 and 1890, when gold was first discovered in the bars on the 
Koyukuk. It is situated on the west side of the Middle Fork about 
20 miles below Coldfoot. At the locality where it has been worked it 
consists of a deposit of stream gravels, at least locally gold-bearing, 
resting on a bench cut in conglomerate and sandstone from 80 to 100 
feet above the river. The river has cut a canyon into the conglomerate 
formation to this depth for 3 or 4 miles, and the coarse unconsoli- 
dated gravels, ranging in size from fine gravel to bowlders 1 foot 
in diameter on top of the canyon walls, appear to be the wash of an 
old stream which flowed over the bedrock before the downcutting 
of the canyon took place. This old stream deposit, derived largely 
from the schistose rocks that form the mountains to the north, ex- 
tends for several miles westward as a covering of the benches of the 
Middle Fork valley and far to the eastward on benches in the 
Chandalar Valley. The present channel of the South Fork of the 
Koyukuk is intrenched across these deposits in a north-south direc- 
tion from Hungarian Creek to Granite Creek, and they extend up 
Mosquito Fork and its northern branch to and over a wide, flat 
divide, thence down Crooked Creek to its mouth, where they coalesce 
and appear to be the same as the thick bench gravels that are widely 
distributed throughout the Chandalar Valley. All the streams above 
mentioned are more or less intrenched in this gravel deposit, and 
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scattered over its surface are numerous shallow depressions that hold 
lakes and ponds. These high wash gravels are not known to contain 
gold, even in small quantities, throughout their extent or even over 
any considerable areas. In fact, gold appears to occur in them only 
at certain localities, of which Tramway Bar, on the Middle Fork, 
and possibly Gold Bench, on the South Fork, are the best known. 
The gold at Tramway Bar very likely has been introduced locally 
from Chapman Creek, an east-side tributary of Middle Fork, at 
present emptying into it about one-fourth mile above, whose former 
channel may have flowed across the bench. It is probable that all 
the bench gold deposits in the Koyukuk district that prove to be of 
sufficient value to be mined originated in some stream near by. It is 
said that several trials at mining the Tramway Bar bench deposits 
were made previous to 1899, and other attempts have been made 
since that time, the last during the summer of 1908, when four men 
dug a ditch from several small lakes situated at a higher level about 
3 miles ba<^ from the river that conveyed ample water to the bench 
for sluicing. But it appears that none of the different short periods 
of operation have yielded very satisfactory returns to the workers. 
Daring the winter of 1908-9 prospectors sunk 13 or 14 holes from 

9 to 14 feet deep along Chapman Creek from a quarter of a mile to 
a mile above its mouth. These holes passed through a layer of sand 
and reddish gravel without gold to a bed of blue schist gravel rest- 
ing on clay and prospecting from 2 to 3 cents to the pan. Some 
l)ench deposits from 20 to 30 feet above the creek about 2 miles 
above its mouth were also prospected and found to contain from 5 to 

10 cents' worth of gold in a layer of blue schist gravel 1 to 3 feet 
thick, but the deposit was not considered to be favorably situated on 
account of a lack of an adequate supply of water for sluicing. 

Three holes from 12 to 22 feet deep were also sunk in the channel 
of the Middle Fork through washed gravels to hard conglomerate 
bedrock, and one of the men who did this work told the writer that 
these present river gravels showed gold to the amount of 75 cents 
to the square yard of bedrock surface, and that immediately on the 
kdrock from 2 to 3 cents to the pan was found. The object of this 
work was to test the gravels for dredging. 

The placer gold at Tramway Bar does not appear to be derived 
from the conglomerate formation on which it lies^ 

» 
TWELVEMILE CREEK. 

Twelvemile Creek is a west-side tributary to Middle Fork, 12 miles 
above Tramway Bar and 8 miles below Coldfoot by the river. Its 
gravels are said to contain a little gold, but it appears to have been 
w(M*k6d only easually and without any large reward. 
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BOSE CREEK. 

Rose Creek is a smaU west-side tributary to Middle Fork about 5 
miles below Coldfoot. Discovery claim is 2 miles above its mouth. 
Here a few surface colors may be found, but the gravels are said to be 
about 130 feet deep. Claim No. 4 above Discovery, about 3 miles 
above its mouth, was prospected during the winter of 1906-7 by sink- 
ing a hole 113 feet deep to bedrock. Most of the wash passed 
through consisted of slaty, flat, shingle-shaped gravel, with about 20 
feet of blue day over a thin layer of gravel which rested on bedrock 
and which contained many colors of gold. 

^ rOBCUFINE CBEEK. 

Porcupine Creek is a west-side tributary to Middle Fork about 3 
miles below Coldfoot Its gravels are said to contain a great many 
large bowlders. Four men are reported to have worked there in 1901 
and to have produced gold enough to average $8 a day to the man. 

SLATE AND MTBTLS GREEKS. 

Slate Creek is the largest eastern tributary of Middle Fork. The 
settlement of Coldfoot is situated on its south side at its mouth, 
approximately 1,450 feet above sea level. About 8 miliBS above its 
mouth its principal tributary, Myrtle Creek, enters from mountains 
on the north, and its main branch heads in the same mountains about 
12 miles farther northeast. Its most easterly headwater branch 
comes from a wide gravel-filled pass about 20 miles east of Coldfoot. 
This pass is about 2,300 feet above sea level, or 850 feet above Cold- 
foot. Several depressions in this pass hold small lakes, some of the 
drainage of which flows westward into Slate Creek and the remainder 
eastward into a fork of Boulder Creek, a tributary to South Fork. 

The thick deposits of washed gravels that occupy the pass between 

Slate and Boulder creeks extend westward down the broad valley of 
Slate Creek and join the similar high gravels along Middle Fork 
valley. The floor of Slate Creek valley averages about a mile in 
width from the lower slopes of the high mountains on the north 
to those of the lower mountains on the south. Most of this 
valley floor is covered by a deposit of washed gravels from 10 to 40 
feet thick. The present stream has intrenched itself in these gravels 
in the upper third of the valley but has not reached bedrock, while 
along the lower two-thirds of the valley the main stream and the 
lower 2 miles of Myrtle Creek have cut through the gravels and into 
the underlying bedrock, so that rock bluffs from 10 to 20 feet high, 
overlain by gravels from 15 to 30 feet thick, are exposed along their 
banks. In several places these rock-walled cuts are narrow enough 
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to be called canyons. On the surfaces of the gravel benches, along 
the valley, are depressions, some of which are occupied by lakes and 
ponds, that from their position and arrangement appear to represent 
parts of the courses of one or more old streams that flowed on top of 
the gravels during a former period. 

The bedrock of Slate Creek valley consists principally of a carbo- 
naceous phyllite that shows in places slaty cleavage and a micaceous 
quartz schist, both of which contain considerable segregated quartz 
in the form of veinlets, leaflets, and knotty lenses. There are also 
several dikes of altered dioritic intrusive rock, which has a spekled 
greenish-gray color and a medium grain. The gravels throughout 
the valley are the residual debris of these rocks. The dike rock is the 
hardest and forms the largest bowlders, a few of which are as much 
as 6 feet in diameter. Most of the gravels are derived from the 
schistose rocks, and because of this they show a strong tendency to 
form flat, slabby shingle, the coarser pieces of which average 6 inches 
in longest dimension. The whole deposit of gravel is very cleanly 
washed, very little sand, silt, or sediment being mixed with it. As a 
result water seeps through it readily and it does not pack closely but 
lies loosely in the bars, which are consequently not easy to walk over. 

Placer gold was discovered on Myrtle Creek in March, 1899, by 
members of a party of gold seekers who came to Alaska during the 
excitement of 1898. Coarse gold is said to have been first found on 
claims Nos. 10 and 11, about 2^ miles above its mouth. There is no 
" Discovery claim " on Myrtle Creek, the claims being numbered from 
1 at its mouth to 38 on its headwaters, a distance of more than 7 
miles. The gravels along the present stream bed are from 2 to 4 feet 
in depth and from 100 to 300 feet in width. (See PI. VIII, B.) 
There are also banks of gravel 6 to 10 feet thick along the sides of the 
stream in many places, especially on its upper course. In the lower 
2^ miles Myrtle Creek has intrenched its channel through the gravel 
sheet that forms the benches throughout Slate Creek valley and to 
some extent it has also cut down into the bedrock underneath the 
bench gravels. 

The present stream gravels along Myrtle Creek have been worked 
more or less from a point near the mouth of the creek up to claim 
No. 20 but have not proved profitable above claim No. 15. The seven 
creek claims from No. 9 to No. 16 have been the most productive. 
Considered in a general way, the gold has been found well scattered 
across the width of the present bed of the stream and mining has 
yielded an average of $5 to $15 a day to the man. All the work along 
the creek has been done with shovel, pick, and sluice box^ the loose 
shingle gravels from 2 to 4 feet thick being favorable for this kind 
of mining. This work has been carried on more or less actively 
during each summer since 1899. Nearly all this shallow ground is 
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now worked out The largest yield of gold has been mined from 
claim No. 11 ; dajims No. 12 and No. 9 have been the second and third 
best producers, respectively. These three claims are on that part of 
the creek from 2 to 3 miles above its present confluence with Slate 
Creek, just below the point where it leaves its mountain valley. Be- 
low these claims Myrtle Creek flows through the bench gravels of 
Slate Creek valley, and these together with the underlying bedrock 
compose its banks. Above claim No. 12 the bedrock slopes of the 
mountains that bound the real Myrtle Valley come down near the 
stream on both sides, and here and there it cuts rock bluffs at the 
bases of these slopes. Thus the richest deposit of gold appears to 
have been laid down just beyond the mountains, in that part of the 
creek that was its mouth when the main drainage along Slate Valley 
may have occupied a more northerly position or when Myrtle Creek 
was at a higher level and dumped its gold-bearing gravels out upon 
the gravels of Slate Valley, to be mixed with the bench deposits. 
The gold of this locality is probably all derived from the wearing 
down of the bedrock of the mountains from which the valley of 
Myrtle Creek has been eroded. 

The bench gi^vels along the sides of the lower 2 or 8 miles oi 
Myrtle Creek carry some gold and are now being mined by a small 
hydraulic plant situated on the east side bench of claim No. 6. These 
bench gravels consist largely of Slate Creek channel wash. As ex- 
posed by the cut of Myrtle Creek along its lower 2 miles they are 
from 10 to 30 feet thick and rest on a bench of bedrock from 10 to 15 
feet above the present stream level. The gold in the gravel benches 
along lower Myrtle Creek has probably been largely introduced into 
them by that stream. However, the bench gravels of the Slate 
Creek valley have been found to contain gold at other localities, 
especially above Myrtle Creek, and it may be proved that tiiese 
gravels are more generally gold bearing than the prospecting that 
has been done up to the present time has disclosed. 

The future of mining on Myrtle and Slate creeks apparently de- 
pends on the application of hydraulic methods. The only hydraulic 
plant in the Koyukuk district is now installed on the east side of 
Myrtle Creek about 1^ miles above its mouth. The dam of this 
plant is built on the lower end of claim No. 12, and water is con- 
veyed therefrom by a ditch about 1) miles long, 3 to 5 feet wide, 
and 2 to 3 feet deep, dug along the east-side bench to a penstock 
on the upper part of bench claim No. 6. The fall of this ditdi is 
about 30 feet from the dam to the penstock, or more than 15 feet 
to the mile. This is a rather steep grade for a ditch of this size, 
the usual practice in Alaska being to dig such ditches on a grade 
of 5 to 6 feet to the mile in good ground and about 3 or 4 feet 
in frozen muck, and smaller ditches with not over 7 feet fall to the 
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mile. Larger ditches should be built with less grade. Careful work 
with an ordinary carpenter's level will enable the miner to locate 
a ditch to a desired grade with not more than 1 foot of error to the 
mile. 

The Myrtle Creek ditch was dug during the summer of 1908, 
while the pipe, monitors, and lumber for the plant were brought 
up Koyukuk River to Coldfoot. This material was sledded about 
miles with two horses from Coldfoot to Myrtle Creek during the 
winter of 1908-9, and the plant set up during the early part of 
the summer of 1909. Water was turned on in the middle of July, 
and some trouble was experienced by the ditch breaking out in 
places where it was dug through frozen muck. These places had to 
be flumed with lumber, and after this was done the ditch carried 
water well, as most of it has good gravel banks. The head of ^c^ater 
furnished to the upper monitor from the penstock is about 70 feet. 
If the ditch were rebuilt with a grade of about 6 feet to the mile 
from the dam to the penstock, a head of about 90 feet from the 
penstock to the monitor as it was placed in 1909 would be furnished 
instead of 70 feet. A pit about 200 feet long, 100 feet wide, and 
from 15 to 20 feet deep was opened in the bench gravels at this place. 

The Myrtle Creek gold is of the size that the miners call shot 
and wheat gold. It is coarse, clean, and hammered flat to some ex- 
tent. Some of it is of the size and shape of melon seeds, and nug- 
gets up to the value of $20 are occasionally found. No doubt many 
of the finer particles of gold are not recovered, as amalgamation 
plates are not used. The gold rests principally near the bottom 
of the gravels and in the crevices of the slabby schistose bedrock, 
which stands on edge and is loosened with picks and shoveled into 
the sluice boxes after the upper part of the loose gravel has been 
moved aside. 

CLARA OtTLOH. 

Clara Gulch is a short tributary on the east side of Middle Fork 
that drains the southwest end of the high mountain ridge whidi 
separates Myrtle and Marion creeks. It is about 3 miles long, and 
little more than a mile from Coldfoot. The gravels in this gulch 
were mined for gold in 1900 and 1901 by half a dozen men, who 
obtained returns of several thousand dollars. 

XlELLT qulch. 

Kelly Oulch is a short mountain tributary on the west side of 
Middle Fork, about 2 miles in a direct line above Coldfoot. About 
$600 worth of gold was mined from it in the fall of 1901. 
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MASION OBKXK. 

Marion is an east-side tributary about 4 miles long that joins Mid- 
dle Fork about 4 miles in a direct line above Coldfoot. Although it 
is a large stream and easily accessible, no systematic prospecting has 
been done upon it, probably because it carries a large quantity of 
water, and its gravels are not shallow enough to encourage summer 
work with pick and shovel, and because the district has not advanced 
far enough in developing winter methods of prospecting with the 
aid of steam boilers for thawing and sinking in frozen ground to 
enable the presence or absence of gold in paying quantities to be 
satisfactorily determined. 

Colors of gold are said to occur near the surface of the gravels in 
this valley. Attempts made during the winter of 1900-1901 to sink 
holes to bedrock with the aid of wood fires are reported to have been 
unsuccessful, but in the winter of 1908-9 several men renewed pros- 
pecting on this stream about 6 or 7 miles above its mouth, with the 
aid of a boiler. Bedrock was struck at a depth of about 26 feet, 
and good prospects are said to have been found. The only result 
from this work, however, appears to have been the locating of all 
the placer ground on Marion Creek in the form of 160-acre associa- 
tion claims by a few individuals, who are not real prospectors or 
miners, but who belong to that speculative class found in all the 
mining communities of Alaska, who take advantage of the loosely 
interpreted placer-mining laws of the United States. 

EMMA CREEK. 

Emma Creek is on the west side of the river directly opposite 
Marion Creek. Its basin is bounded from south through west to 
north by a high semicircular divide that rises from 3,000 to 4,500 
feet above the Middle Fork in the short di^ance of 5 to 7 miles, 
thus giving thi^ basin very steep grades, the average fall being more 
than 500 feet to the mile, with the result that all the streams within 
the basin are swift. 

At the mouth of its basin the main stream, the confined accumula- 
tion of a considerable drainage area, has cut a canyon about 100 
feet deep and half a mile long through crystalline limestone and 
schist into the bottom of an older, wider valley. The Emma Creek 
valley appears to have been a hanging valley that has been partly 
dissected, but not enough to obliterate its older configuration al- 
together. 

Some gold has been found in scattered patches of older stream 
gravels on top of the rock walls of this canyon, but most of the 
placer gold has been concentrated in the gravels that have choked 
into the wider funnel-like expansion of the valley at the upper end 
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of the canyon, the narrow gorge of the canyon, and the upper part 
of the gravel fan at the lower end of the canyon, where the swift 
stream has dumped its gravel load into the valley of the Middle 
Fork. Both the funnel entrance at the upper end of the canyon and 
the bottcHn of the canyon are clogged by numerous large bowlders 
from 3 to 10 feet in diameter. Thus the canyon is a great natural 
sluice box, with bowlder riffle blocks, through which a tremendous 
quantity of gold-bearing gravels from the upper Emma Creek basin 
has been sluiced during a long period of rapid erosion. Without 
doubt this is the reason why the richest diggings have been found 
just above ihe canyon, in it, and just below it. The richest claim has 
been that at the mouth of the canyon. The upper basin of the 
creek may be compared to the pit, the canyon to the sluice boxes, 
and the gravel fan below the canyon to the tailings and dump of an 
artificial hydraulic mining plant, due allowance being made for the 
lack of efficiency of the canyon as a sluice with riffles because the 
pavement of bowlders is not close enough to arrest all the gravel 
and gold. 

The rich placers of Emma Creek were first worked in 1900 and 
the largest production was attained in that and the two following 
years. Since then the locality has not been worked so extensively 
but has produced some gold each summer. The number and large 
size of the bowlders prevent it from being ideal ground for pick 
and shovel work. The total production of this stream for the 10 
years 1900-1909 is said to be about $160,000. 

A few miles above Emma Creek on the west side are two small 
gulches. Sawyer and Moose, which are reported to contain prospects 
of gold, but they are full of large bowlders and have not been worked. 

WISEMAN GREEK. 

Wiseman Creek is a west-side tributary that flows into Middle 
Fork about 16 miles by the course of the river above Coldf oot. It is 
a comparatively small stream occupying a large, broad valley 
bounded by mountains that rise over 2,000 feet above it on both 
sides. The bottom of this valley is filled over a width of half a 
mile by deposits of gravel, sand, and silt from 200 to 300 feet thick. 
These unconsolidated deposits extend more than 6 miles from the 
mouth of the stream to a point near its head and also for more tlian 
2 miles up Nolan Creek, its principal north-side tributary. The 
Wiseman basin is the best example in this district of the results of 
a former drainage system which filled most of the deep secondary 
valleys with thick deposits of gravels, sands, and clays. The streams 
that have since occupied most of the valleys that were thus filled have 
been vigorous enough to carry away a large part of the unconsoli- 
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dated deposits, but Wiseman Greek is an exception, for it is not large 
enough to clear its valley of the sediments which fill it, although 
its elevated position with reference to Middle Fork would be favor- 
able for such a result. In this respect Wiseman Valley is in direct 
contrast to the basin of Emma Creek, previously described. 

Although Wiseman Valley has been located for placer mining 
throughout its length and width, and even far up on the high, sloping 
benches along its mountain sides, there has been no mining develop- 
ment of this ground. All the locations were made without any dis- 
covery of gold on the land. This was done on the assumption that 
because gold was known to occur in Nolan Creek, one of its tribu- 
taries, it might be expected to be present in the deep deposits of 
the main valley. Only one prospect shaft has been put down to bed- 
rock in Wiseman Valley. This work was done during the winter of 
1908-9, about a mile below the mouth of Nolan Creek. The shaft is 
260 feet deep. In going down it passed through 40 feet of vegetable 
muck, 180 feet of tough blue clay that had to be chopped with an ax, 
80 feet of stream-washed gravels, and 10 feet of ground-up black 
slaty country rock mixed with some gravel. The shaft is dry. Colors 
of gold are found at the bottom of this shaft and all through the 30 
feet of washed gravels, but are not considered to be present in large 
enough quantity to make the ground at present profitable for drift 
mining. 

During the winter of 1909-10 another attempt was made to reach 
bedrock on Wiseman Creek. A depth of 335 feet was attained and 
a pipe driven 30 feet deeper without reaching bedrock. 

NOLAN CHEEK AlH) TBIBXTTASIBS. 

General features, — Nolan Creek, a north-side tributary of Wiseman 
Creek, is about 4 miles long. The bedrock form of its valley is of 
the mountain-gulch type, and from a point about 2 miles above its 
mouth to its head it is still narrow and primarily a bedrock valley. 
In fact this steep-sided V-shaped bedrock valley continues nearly to 
its mouth, but this would not be apparent if it were not for the 
information disclosed by mining operations. For 2 miles above its 
mouth the valley is deeply filled with unconsolidated deposits of 
glacial silt, the surface of which presents a gradually widening flood 
plain that slopes gently downstream to join the still wider flood plain 
of Wiseman Valley. (See PI. IX, A and B.) 

Nolan Creek and its east-side gulches — Smith, Archibald, and 
Fay — ^are the important streams of the district at present, because 
it is along them that the rich gold-bearing gravels have been found 
and actively mined. The placers within the Nolan Creek basin are 
of three classes — ^bench gravels, shallow gulch gravels, and deeply 
buried frozen gravels. 
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Bench gravels. — ^The charaotw of the bench deposits along Nolan 
Creek valley suggests that they may be remnants of narrow, crudely 
washed beaches formed along the mountain sides when the Nolan 
Valley was an arm of a glacier-dammed lake which occupied the 
Wiseman Valley. They appear to mark places of rest occupied 
by the lake at different stages of level. Those that have been found 
to contain gold in paying quantities are situated from 60 to 200 feet 
above the present valley floor between Smith and Fay gulches, 
through a distance of about 1^ miles. They have been prospected 
and mined to a moderate extent but are difficult to woiic to advan- 
tage because of an inadequate supply of water for cheaply ground- 
sluicing away the froasen clay and vegetable muck that cover the 
washed graveb. 

Shallow gvloh gravels. — ^There is not much shallow gold-bearing 
gravel in the valley of Nolan Creek. What there is appears to be 
confined to the tributary gulches. The discovery of gold in 1901 in 
shallow gravels on Fay Gulch a short distance above the point where 
it joins Nolan Creek first aroused interest in the search for gold within 
this drainage basin and caused its unconsolidated deposits to be 
located for placer mining, but actual mining was not actively begun 
until 1906, when the anall amount of shallow ground on Fay, Archi- 
bald, and Smith gulches was worked. The lack of boilers and other 
neoeasary equipment for steam thawing delayed the investigation of 
the deq) placers for several years. Some work of this kind was 
attempted with wood fires, however, that resulted in 1903 in the min- 
ing of ground from 15 to 25 feet deep on Smith Gulch and on Dis- 
covery claim on Nolan Creek at the mouth of Fay Gulch. From 
1908 to 1905 Smith Gulch, Discovery daim on Nolan Creek, and 
claims Nos. 1 and 2 on Fay Gulch yielded considerable gold ; but not 
until 1905-6 were the deeper gravels in the bed of Nolan Valley 
itself demonstrated to be rich. 

Deep frozen gravels. — By far the largest bodies of gold-bearing 
graveb in Nolan Valley are deeply buried beneath frozen silts and 
clays. By 1906 several boilers and some steam thawing equipment 
had been brought to Nolan Creek, and in this year the first £:uccessful 
prospect shaft in the valley was sunk 135 feet to bedrock on the 
lower end line of claim No. 3 below Discovery. Rich gold-bearing 
gravels were found at the bottom of this shaft, and since that time 
placer drift mining in the deep frozen deposits of this valley has 
been actively conducted by about 100 men. 

Up to the present time the most productive ground on Nolan 
Creek has been found to extend from Discovery to claim " No. 6 
below," a distance of about 1} miles. The creek extends to claim 
^ No. 8 below," half a mile farther, where it joins Wiseman Creek. 
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There are also six claims above Disoovery, but little gold has been 
mined above Fay Gulch, which joins Nolan Creek on Discovery 
claim. The depth of the unconsolidated deposits increases dovm- 
stream from 20 or 25 feet on Discovery to 180 feet at the moutii 
of the creek on claim ^ No. 8 below." This increase is gradual, the 
depth being from 40 to 70 feet on claims Nos. 1 and 2, 185 feet on 
No. 3, 155 feet on No. 5, 165 feet on No. 6, 170 feet on No. 7, and 180 
feet on No. 8 below Discovery. However, the general configuration 
of the bedrock is not so regular as these figures indicate, for under- 
ground drifting shows that there are considerable irregularities, 
called '' drop offs " by the miners, especially across the bed of the 
valley. Besides these irregularities of the bedrock surface of Nolan 
Valley, it carries in many places numerous bowlders, some of them of 
large size, between which the gold-bearing gravels have lodged. 
Here and there these bowlders separate the gravels into patches of 
greater or less extent and, together with the ^^ drop offs," make the 
work of drifting along the bedrock more uncertain than if the 
gravels were of imiform size and more evenly distributed, as they 
are in the Fairbanks district. 

Character of gold. — The placer gold from Fay Gulch and the up- 
per part of Smith Gulch, where it appears to be near its bedrock 
source, and probably has not been carried far, is mostly in the form 
of rough angular grains. That in Fay Gulch has about as much 
quartz attached to it as there is gold, the proportion being about half 
gold and half attached quartz. On Smith Gulch the gold is in more 
rounded and heavier pieces the farther downstream it lies. Some 
of the gold in Smith Gulch has a coating of white mineral matter. 
which the writer has not had opportunity to test, which is said to be 
lime, but may be some other mineral substance. This coated gold 
is most common toward the head of the gulch. Either it does not 
occur on the gold farther downstream or the coating has been worn 
off of it by travel. The gold from Smith Gulch is of very high 
grade, its assay value being said to be more than $20 an ounce, which 
would class it with the highest-grade placer gold known. 

The gold in the deep gravels along Nolan Creek is mostly in the 
form of rounded, smooth, heavy, chunky pieces. Large nuggets 
are rare; one of the largest, having a value of about $300, was found 
on claim " No. 1 below," and another, with a value of about $120, was 
token from claim " No. 3 below." 

MINNIE CBEEK. 

Minnie Creek is on the east side of Middle Fork opposite Wiseman 
Creek. Its valley is about 9 miles long and similar in form to that 
of Marion Creek, which is parallel to it on the south, the two being 
separated by a rugged mountain ridge about 4 miles hrosui that rises 
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oyer 3,000 feet above the valley floors. The stream is of good 
yoluine, and its gravel deposits are similar to those in Marion Creek, 
containing considerable live water. The presence of this water in 
the gravels makes it difficult to sink prospect shafts to bedrock. The 
first hole to bedrock was dug in 1904, and about $500 worth of heavy 
shot gold was taken from a short drift at the bottom before water 
drove the prospectors out More prospecting was done in 1905, but 
little has been done since. Two men mined about $400 worth in 
1906. No doubt this valley will be prospected more thoroughly as 
the development of the district progresses. 

UNION OULCH. 

On the west side of Middle Fork, between Wiseman Creek and 
Hammond Creek, two gulches — ^Union and Confederate — drain the 
east side of the mineralized mountain mass that lies betwe^i Middle 
Fork and Nolan Creek. The gravels in both gulches contain gold, but 
those in Union Gulch, the southern of the two, which is situated about 
2 miles above Wiseman Creek, are the richer. Although the deposits 
on Union Gulch are limited to about one claim in extent, about 
$30,000 worth of coarse gold has been mined from them. Gold was 
discovered on Union Gulch in 1901. The largest production was at- 
tained in 1902, but work is still being carried on there. 

Prospects of coarse gold have been found on Confederate Gulch, 
but no mining has been conducted there. 

HAMMOND CRRXK. 

Hammond Creek flows into Middle Fork from the northwest about 
20 miles, by the course of the main river, above Coldfoot. It is the 
largest tributary of Middle Fork, being at least 45 miles long and 
discharging a volume of water equal to about one-fourth of the flow 
of the main river above the confluence. The Hammond Valley 
shows strong evidences of having passed through the same stages of 
drainage development as the smaller tributaries to the south. In 
modified forms it has bench and deep-gravel deposits and canyon fea- 
tures, somewhat similar to those that have been already outlined for 
Emma and Wiseman valleys. 

Though the Hammond Valley has been prospected more or less 
throughout its lower 25 miles, gold has been mined only along the 
lowest part of its course, more particularly in several short gulch 
valleys tributary to it from the south within 5 miles of its mouth. 

Hammond Creek first attracted attention in 1900, when reports of 
the discovery of coarse nugget gold in the gravels of the river about 
2 miles above its mouth, together with verification of the news about 
Myrtle Creek, caused about 1,000 people to rush to the Koyukuk dis- 
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trict from Dawson and otiier settlements on the Yukon. This en 
thusiasm soon subsided, howeyer, because the diggings did not fulfiU 
expectations. 

As on all other streams wh^re gold is discovered in Alaska, the un 
consolidated deposits both along the present stream and on th4 
benches of Hammcmd Valley have been located for placer mining 

Little systematic or c<»tinuous mining has been done on the pres^ 
ent stream graveb of Hammond Creek, because the large flow oi 
water and the presence of numerous cobbles and small bowlders make 
pick and shovel labor unprofitable. A wing dam was built on clainq 
" No. 6 above " early in the spring of 1902, at a time of low water, to 
divert the river so that the gravels in its bed might be mined. 
Although the summer's work produced about $10,000 worth of gold, 
the expense of the operation is said to have made the venture un- 
profitable. Only about $5,000 or $6,000 w(»ih of gold has been mined 
from this claim since 1902. Spasmodic work from year to year along 
the banks of the river, chiefly on Discovery daim, has yidded from 
$8,000 to $10,000. Most of the gold has been of the coarse nugget 
variety, some pieces being of large size. One nugget having a value 
of $849 was found on claim ^' No. 6 above," another worth $842 was 
found on Discovery claim, and one worth $1,000 and another worth 
about $1,100 have been mined in this valley. 

On Discovery bench daim, which is on the south side of Hanmiond 
Creek about 1^ miles above its mouth, several attempts to discover 
deep gold-bearing gravels in the frozen deposits were made without 
success. During 1909 two new shafts were sunk to bedrock on this 
claim. The first shaft is located about 850 feet south of the present 
channel of the river, which at this place is running against bedrock 
on the north side of the valley. At a depth of 66 feet this shaft 
reached bedrock, the surface of which was found to be sloping toward 
the north. A second shaft was sunk about 200 feet north of the first, 
where the bedrock surface is also about 66 feet down. Here the 
bedrock was foimd to be sloping to the south, toward the first shaft. 
In drifting southward along this bedrock surface it was found to 
have a grade of about 4 feet in a distance of 20 feet along the slope. 
From this it is concluded that an old channel of the river is situated 
between these two shafts. A drift on bedrock southward across the 
supposed old channel to the first shaft is reported to show the pres- 
ence of gold in paying quantities, and during 1911-12 profitable min- 
ing has been conducted upon the deep channel gravels along this 
stream between Vermont Creek and its mouth. 

QOIDBOTTOM, SWIFT, AND BX7CKXYK aULOHaS. 

Along the south side of Hammond Creek, between the Middle Fork 
and Vermont Creek, are several gulches that drain the north face of 
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Hie mineralized mountain maas which has been already referred to 
in describing the placers of Nolan Valley and Union Gulch and will 
be mentioned later in the discussion of Vermont Creek. The profit- 
able ground on these gulches is near their mouths, where they have 
accumulated considerable washed waste from the mountain slopes to 
the south, more or less mixed with bench-gravel remnants of river 
deposits along the south side of Hammond Creek. The principal 
gulches are Ooldbottom, Swift, and Buckeye. 

Goldbottom Gulch heads against Union and Confederate gulches. 
About half a claim length, 600 to 700 feet of ground, at its mouth 
has proved fairly profitable to mine and has yielded between $5,000 

and $6,000. In 1904 a $400 nugget was found here. 

Swift Gulch is a little larger than the others. It heads opposite 

Smith and Fay gulches. Work on it at various times has yielded the 

equivalent of wages and occasionally a small amount of coarse gold. 

Some of the gold in this gulch is coated with white mineral matter 

like that on Smith Gulch. 

Buckeye Gulch is a small tributary a short distance below Vermont 

Creek. Gold equal to the daily wage scale of the district — that is, 

from $6 to $10 a day to the man — ^has been occasionally mined from 

the claim at its mouth. 

TEBMONT CBEEK. 

Vermont Creek is a small stream flowing into Hanunond Creek 
from the south about 5 miles from the Middle Fork. It is formed 
by two branches, an east or left one, about 2 miles long, and a west 
or right one, about 8 miles long, which flow through deep gulch 
valleys that join about a mile from Hammond Creek. These gulch 
valleys head against similar gulches that are tributary to upper 
Nolan Creek and drain southward. By way of the east fork of 
Vermont Creek there is a pass through the mountains to a short 
gulch near the head of Nolan Creek. This pass is about 800 feet 
above Hammond Creek, or 2,900 feet above sea level. Some small 
spruce grows in this pass but becomes sparse on its bounding slopes. 

The bedrock in Vermont Creek is the same as that already described 
as occurring in Nolan Valley. This carbonaceous phyllite formation 
extends northward through the mountains from Nolan Creek to 
Hammond Creek and is well exposed on the east or left fork of Ver- 
mont Creek and to the east of it for some distance. It also outcrops 
along the south banks of Hammond Creek for some distance down- 
stream from the mouth of Vermont Creek, where much of it shows 
slaty cleavage. On the upper part of the east fork of Vermont Creek, 
where unweathered exposures may be observed, it is found to be 
mineralized with pyrite in the same manner as on Nolan Creek, and 
it is here that quartz veinlets along joint cracks may be easily seen. 
7e082*— BnU. 682—18 T 
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One of the veinlets about 1 inch thi(^ was observed to be mineralized 
by sulphides and free gold in flakes and specks. No doubt there are 
other veinlets so mineralized. 

Placer gold was discovered on Vermont Creek August 26, 1901, 
and has been profitably mined there ever since. Discovery claim is 
located on the main lower part of the creek just below the forks. 
Two claims, covering about half a mile, on the east fork have been 
good fallow mining ground, and Discovery claim and the two claims 
below Discovery contain good values. Thus the rich gravels extend 
over five claims for a distance of about 1^ miles, of which three- 
fourths of a mile is below the forks and one-half a mile along the 
east fork. On the west fork of Vermont Creek gold has not been 
found in paying quantities. Claims ^' Nos. 1 and 2 above," about 
half of Discovery daim, and claim " No. 1 below " have been worked 
out. The gravels on the east fork average about 3 feet in depth and 
are not very wide, as the bottom of this gulch is narrow. On Dis- 
covery claim the valley bottom broadens and the gravels are from 200 
to 800 feet wide. On daim " No. 1 below " their width increases to 
about 400 feet. The gravels become somewhat deeper on the lower 
end of claim No. 1 below Discovery and decidedly deeper on daim 
No. 2 below Discovery. In fact the lower half mile of Vermont Creek 
is flowing over deposits that may be more properly considered, at 
least in large part, to be bench deposits of Hammond Valley, for 
these deposits are not shallow gravels, largely unfrozen, lying on 
the bedrock floor of a narrow rock-cut gulch sudi as extends above 
claim No. 2 below Discovery, but are deep frozen accumulations 
of gravd, sand, and clay that are directly related to similar exten- 
sive bench deposits which occur along the sides of Hammond Valley. 
Although the largest part of the unconsolidated stream deposits on 
this claim belongs to the sediments of Hammond Valley, there ap- 
pears to be little doubt that most of the gold in this deep ground has 
been derived from Vermont Creek- 

About the center of claim No. 2 below Discovery, on Vermont 
Creek, a sinking and drifting operation in these deep frozen depos- 
its has proved very successful. This work was begun during the 
winter of 1908-9. The shaft is about 90 feet deep. At a depth of 
about 50 feet it encountered a bed of cemented sediment 11 feet thick 
which is termed a " fake bedrock." Below this hard bed is from 18 
to 20 feet of clay, succeeded by 7 to 8 feet of washed gravel. In 
August, 1909, a drift about 200 feet long had been driven in a direc- 
tion up Vermont Creek and another drift about 100 feet long across 
the direction of Vermont Creek. 

The Vermont Creek gold is mostly roarso and rounded. Several 
nuggets worth more than $200 have been found. 
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mBEAUB BETWKEH BAMMOND OBKEK AND GOLD CBKBK. 

Above Hammond Creek gold has not been found in paying quanti- 
ties on any of the west-side tributaries of Middle Fork, nor is it 
known to occur on Dietrich River, the northernmost headwater 
branch of the Middle Fork, whose valley for the most part is cut in 
the limestone formation of the Settles group, which lies northwest 
of the gold-bearing formations of the Koyukuk district. 

Fix)m Hammond Creek to Gold Creek, a distance of 7 or 8 miles, 
the Middle Fork follows a course from northeast to southwest. Be- 
tween the valley of Minnie Creek and this section of the Middle 
Fork valley there is a high mountain ridge similar to the ridge 
between Minnie and Marion creeks. All the southern slope of this 
mountain mass is drained by tributaries of Minnie Creek, while its 
northern slope is drained by a number of short, steep gulch streams 
that flow into the Middle Fork, and by Gold Creek, which flows 
around its northern flank. The principal short gulches between Min- 
nie and Gold creeks that drain this mountain ridge, named from 
south to north, are Bluflf, Rainbow, Montana, Coon, Nugget, and 
Sheep. They have been prospected more or less, and 8 little gold 
has been mined from the most northerly one, Sheep Gulch, on 
which, it is reported, two or three claims show good prospects and 
one small area yielded about $800 worth of gold to the box length 
during the summer of 1908. By "box length" is meant an area 
about 12 feet long by 16 feet wide, or a bedrock surface of approxi- 
nnately 200 square feet. 

OOU) CREEK. 

The present form of the valley of Gold Creek apparently shows that 
it has passed through a series of drainage changes somewhat similar, 
but of modified form, to those that have taken place in the develop- 
ment of the basin of Emma Creek, but as it is impossible to describe 
these changes clearly without illustrating its features by a detailed 
topographic map, only an outline will be given here. 

The most marked feature that this valley now presents is a canyon 
section 1^ miles long in its lower part, which is cut at right angles 
across a sloping bench of bedrock on the east side of the valley of 
Middle Fork. One mile above the mouth of Gold Creek this narrow 
canyon is 60 feet deep and its depth increases upstream for about 
half a mile, reaching 200 to 250 feet. In its upper part, where 
deepest, it appears to have cut down through a spur that slopes from 
the mountain mass which lies on the south between Gold Creek and 
Sheep Gulch. On the north wall of the canyon, in line with this 
mountain spur, there is a small but prominent bedrock knoll that 
appears to be a remnant of the mountain spur on the south side of 



100 KOYUKUK-OHANDALAB BEGIOK, AT.ARKA. 

the canyon. Just above or northeast of this knoll, in the bedrock 
of the north wall, there is a depression about 50 feet deep and 300 
feet wide, the bottom of which is about 200 feet above the present 
bottom of the canyon. This depression is filled with stream- washed 
channel gravels which in their present position are resting on top of 
the canyon wall. These washed gravels appear to occupy a part of 
a former channel of Gold Creek when it flowed at a level 200 feet 
higher than it does now. The significance and probable course of 
this old high channel will be discussed later in connection with the 
gold placers that occur on Linda Creek, with which it appears to be 
closely related. 

The fall of Gold Creek from the head of its canyon to its mouth is 
about 200 feet in a distance of less than 2 miles. Above this canyon 
the valley widens out somewhat and has a deep V-shaped cross 
section whose slopes rise steeply to a height of about 1,000 feet above 
the creek. At this elevation, which is about 3,000 feet above sea 
level, the steep lower slopes form a shoulder, with more gently 
inclined slopes on the higher parts of the mountains (see PI. VII, 
B^ p. 58) — that is, the present valley of Gold Creek shows strong 
evidence of having been rather abruptly cut down into an older land 
surface which had a moderately rolling mountain relief that was 
much less rugged than the topographic form of this region to-day. 

This deep V-shaped portion of the valley extends upstream from 
the head of the canyon for about 3 miles, and in this distance the 
fall of the creek is about 400 feet. About midway of this stretch 
and also at the upper end of it there are two more contractions in the 
valley, where the creek runs through short, low-walled, narrow 
gorges or small canyons. The halfway gorge appears to be caused 
by the presence of a hard dike of intrusive diorite which outcrops 
on the north slope of the valley and whose greater resistance to 
erosion over that of the softer schists on both sides of it has offered a 
barrier to the down cutting of the stream. The uppermost gorge, 
about a mile farther upstream, is cut through a low ridge of schists 
that are harder than the surrounding schists. This barrier rises about 
60 feet above the present creek bed. Thus the lower half (4 or 5 
miles) of Gold Creek valley has three contracted features, the first 
and deepest of which is a canyon, the second and third gorges. 
Between these three contracted features there are two wider V- 
shaped portions of the valley and it is in these portions that the 
richest gold-bearing gravels have been found and mined. 

Above the upper gorge the upper half of the Gold Creek valley is 
wider and has a form entirely different from that of its lower half; 
there are no canyon-like contractions, and instead of a sharp deep 
V-shaped cross section it has more open and gradually sloping sides. 
This form continues through 3 or 4 miles to its headwater gulches. 
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The country rocks of the Gold Creek' valjgj ure practically all 
schists. The outcrops in the lower half of tfteVriek are mostly of 
the carbonaceous phyllite schist that occurs in the*bKsms of Wiseman 
Creek and Hammond Creek, already described ; in the upper, half of 
the valley the bedrock is mostly of the micaceous quarts* sehist 
variety that occurs to the south, in the Myrtle Creek basin. •'•' , • 

The diorite dike that forms the gorge about 1^ miles above tb<^ 
canyon is the only intrusive rock seen in place. Large hard bowlderis 
of this dike rock are common in the creek wash, from the dike down 
to the head of the canyon, and as bowlders of this rock were not 
observed above the dike it seems that they are mostly if not all 
derived from this dike and that this dike is the principal occurrence 
of igneous rock in the valley. On the mountain ridge that bounds 
upper Gold Creek valley on the northwest there is a considerable 
mass of limestone of the Settles group that forms the top of a 
mountain 3,900 feet high, and from the presence of a considerable 
number of cobbles and small bowlders of crystalline limestone in 
the creek wash it may be concluded that considerable of this lime- 
stone formation, which overlies the schists and was probably at one 
time much more extensive in distribution, has been eroded away. 

The probable bedrock source of the gold in this valley is not so 
evident as it is in those of Nolan and Vermont creeks, but there are 
indications of a pyrite mineralization of the phyllite schist bedrock 
in the vicinity of the diorite dike on lower Gold Creek. Whether 
this dike has had anything to do with the primary introduction of 
gold-bearing minerals at this place is not known. As the influence 
of igneous intrusives is so common a phenomenon in other parts of 
Alaska it is fair to presume that it may have been exerted here. 

Placer gold was discovered on Gold Creek in 1900 and has been 
mined more or less throughout 6 miles of its length from claim No. 
4 below Discovery, at the head of the canyon, to claim "No. 19 
above," on its headwaters. The most profitable diggings have been 
the shallow stream gravels that occur in the two sections of the 
valley situated between the canyon and the middle gorge and be- 
tween the middle and upper gorges. The claims located between 
the head of the canyon and the middle gorge are designated Dis- 
covery, Nos. 1 to 4 below Discovery, and Nos. 1 and 2 above 
Discovery. Between the middle and upper gorges the claims are 
Nob. 8 to 6 above Discovery. 

No mining of consequence has been done below claim " No. 5 
below," in the head of the canyon. In 1903 this claim is said to have 
yielded gold equal to $12 a day to the man, or the daily wage at that 
time. 

Claims " Nos. 3 and 4 below " are reported to have yielded during 
1901-2 over 100 ounces of gold, or about $2,000 worth, and this 
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ground has been wtfrl^ea^ranoe then somewhat regularly, with about 
the same yearly. j)«2rdnction. Most of this mining has been done in 
the winter .by H^'^ing with wood fires and drifting into a low bench 
of frozen gf^vel and earth on the north bank of the creek. 

T^a&9Q^^fsf claim is reported to have yielded in 1900 about $85 a 
4ay~t<>*the man, and work on this claim was continued until 1904, 
\whelh the good-paying ground was about exhausted. The gravels 
• of this claim were shallow and easily worked, especially toward its 
upper end, where they were richest. About $16,000 is reported as 
the production for 1901 and about $85,000 is stated to be the total 
production of this claim. 

In 1901, besides Discovery, claims " Nos. 1, 3, 4, and 5 above ^ were 
actively mined. " No. 1 above " is said to have paid a little better 
than wages and to have produced a net profit of about $4,000 while 
it was mined. " No. 2 above," the upper part of which is in the 
halfway gorge, did not prove very good and yielded only from $4 to 
$8 a day to the man. Claims " Nos. 3 and 4 above " and the lower 
two-thirds of " No. 5 above," which are situated between the two 
gorges, were very good producers. The creek gravels were shallow 
and easy to handle. No definite figures of the amount of gold mined 
are available, but it is reported to have been as much as that of the 
claims located between the halfway gorge and the canyon. 

Claims " Nos. 6 and 7 above " have produced very little. No. 8, 
which is above the upper gorge, is reported to have produced $500 to 
the box length for a short distance. Two men mined a few hundred 
dollars' worth of gold from it in 1909. Only a very little prospecting 
and assessment work has been done oa claims " Nos. 9 to 17 above/' 

In 1909 four men were mining with picks, shovels, and sluice boxes 
on claim '^ No. 18 above " and were producing about $10 a day to the 
man. " No. 19 above " is said to have produced $600 to the box 
length in 1904. Two men were working on this claim in 1909, but 
the returns were not very profitable. 

Most of the placer-gold deposits on Gold Creek are shallow stream 
gravels without any large amount of overburden. For this reason 
it has been one of the best valleys for pick and shovel mining in the 
district. Some of the gold on claim '^No. 19 above" and in the 
gulches near by consists of rough, light pieces that appear not to have 
been transported far from their bedrock source, but most of the gold 
has the form of rounded shotlike pieces and small, smooth nuggets. 

XJlfPA OBimg. 

Linda Creek is a small stream about 4 miles long that drains the 
southern half of a gravel-filled depression on the east side of the 
Middle Fork about a mile north of Gold Creek. The part of this 
wide depression occupied by Linda Creek is the southwesterly arm 
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of a semicircular bend east of a mountain 3,000 feet high, whidi 
stands isolated from the main mountain ridges that bound the valley 
of Middle Fork. Linda Creek heads in the elbow of this bend in a 
large pond which, with several other smaller ponds, occupies a flat 
gravel and silt covered watershed between Linda Creek and another 
small creek of about the same length that drains the northwesterly 
arm of the depression and flows into Middle Fork about 6 miles 
above the mouth of Linda Creek. Over the broad bottom of this 
depression throughout its extent is spread a covering of waterwom 
gravels and silts, over which flow the creeks that drain its arms, but 
at about the middle of their courses these creeks have washed through 
the unconsolidated deposits and cut shallow channels into the under- 
lying bedrock. Linda Creek, however, has done practically no bed- 
rock cutting and does not occupy a valley of its own making, and it 
appears evident that any placer gold now occurring in the gravels 
of its channel must have been introduced there by some agency other 
than the present stream. 

The most probable source for the placer gold that has been found 
on Linda Creek is Gold Creek. In the description of lower Gold 
Creek the stream-washed deposit of gravel about 200 feet above that 
stream on the north wall of its canyon was referred to as having a 
possible intimate connection with the placer gold that has been found 
on. Linda Creek. The gravels on top of the canyon wall occupy a 
depression in the bedrock about 300 feet wide and 50 feet deep, and 
the exposure has eveiy appearance of being a cross section of an old 
high channel of Gold Creek before that stream was diverted down its 
present canyon. If the rock knoll that forms the west side of this 
depression in the north wall of the canyon is, as it appears to be, a 
remnant of a former continuation of the mountain spur opposite it, 
on the south wall of the canyon, then the most natural course for 
Qold Creek to have followed when at this higher level would have 
been to the north toward Linda Creek, across the sloping bench that 
now intervenes. The direct distance across this bench between the 
high gravels in Gold Creek canyon and the locality where placer gold 
occurs on Linda Creek is a little more than a mile and the fall of the 
surface is about 300 feet. The indications that a stream flowed 
between these two points are not particularly marked. There is no 
strong surface evidence of a former channel unless a slight depression 
or sag of the surface, from 300 to 600 feet wide, indicated by a tim- 
berless strip overgrown with moss and dwarf willows, is considered 
to mark a frozen channel that is too cold to foster a good stand of 
timber such as now grows along both sides of it. This barren strip 
of land seems to connect the high gravels on the canyon wall with 
the placer-gold locality on Linda Creek, but whether it is the course 
of an old channel can be proved only by prospecting, and even if 
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this is proved it may not be found to contain gold, especially through- 
out its length. 

Gold is said to have been iSrst found <m linda Creek in 1901. The 
only ground that has been mined is on Discovery claim, situated 
about half a mile above its mouth, and only the lower half of this 
ground has proved very productive, $18,000 worth being mined from 
it in 1902. The gold is similar to that of Grold Creek. 

BETTLES RIVER AND TRIBUTARIES. 

Bettles River is the large eastern headwater brandi of the Middle 
Fork of the Koyukuk. Its basin extends over 30 miles from east 
to west and 25 miles from north to south, in a region of rugged 
mountains between the Middle Fork and upper Chandalar Biver. 
Its longest and largest tributaries flow from the north out of moun- 
tains composed largely of the crystalline limestone that overlies the 
gold-bearing schist formations. Its southern tributaries are shorter 
and flow almost wholly over the same schist formations that extend 
to the south from Gold Creek to Slate Creek. This valley was not 
visited by the writer. The information given here is taken from the 
report by Schrader and notes gathered from prospectors who have 
worked on the creeks in this basin at various times from 1900 to 1909. 

In 1899 a United States Geological Survey expedition in charge of 
F. C. Schrader traveled through this valley, mapped it, and noted its 
principal geologic features. Schrader describes a more or less min- 
eralized belt associated with a dioritic intrusive mass on Horace 
Mountain, on the west side of Robert Creek opposite Sheep Creek, 
but no valuable mineral deposits or rich gold placers have been found 
there so far. Prospects of gold are found, however, and small 
amounts have been mined on some of the tributary streams that have 
eroded into the underlying schist formation. 

Emory Creek is a short south-side tributary of Bettles River that 
joins it about 8 miles above its mouth. It is about 8 miles long and 
heads north of and opposite claim No. 8 on Gold Creek. It is said 
that a total of about $10,000 worth of gold has been mined from the 
gravels of this creek. The gold occurs on bedrock among bowlders 
which must be rolled aside to get the gold. Most of the mining was 
done several years ago. Only one man was working there during 
1909. 

Garnet Creek is a south-side tributary about 5 miles long, 18 miles 
above Middle Fork. It is reported to have yielded $7 to $9 a day 
to the man several years ago. 

Mule Creek is a small north-side tributary opposite Garnet Creek. 
It heads in the limestone formation but has cut down into the under- 
lying schists on its lower course. On a low bench about 2^ miles 
above its mouth good prospects have been found at a depth of 8 feet 
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and $80 was prodnoed here in 60 hours^ work. About 1^ mileB above 
its mouth gravels 2 feet deep yielded a dollar an hour to the man. 
Small nuggets of native silver and nuggets of copper as large as 
7 pounds have been found on this stream. 

Prospects of placer gold have been found on a number of other 
creeks about the headwaters of Settles River, namely, on Eight- 
mile, Phoebe, Spruce, and Sheep creeks, and especially on those 
tributary to Robert Creek, which is the principal headwater branch 
of Settles River. The gold is found on the lower parts of the tribu- 
taries to Robert Greek, where they cut down into the schist beneath 
the massive limestones. 

Except on Emory Creek only prospect work has been done on all 
the streams tributary to Settles River that have been mentioned. 

SOVTH FOBK OF KOTTTXITS BXTOL. 
0KHCa4L FKATURIfl. 

The South Fork of the Koyukuk is one of the largest and longest 
branches of that river. It rises about 10 miles west of Chandalar 
Lake, just south of the headwaters of Settles River, and flows south- 
westward for about 175 miles. Its general course is parallel to that 
of the Middle Fork throughout its length. At no place are the main 
channels of these two rivers more than 25 miles apart, and at one 
place a few miles below Tramway Sar their main channels approach 
within 7 miles of each other. 

The three large tributaries to the South Fork, Fish Creek, Jim 
River, and Mosquito Fork, all flow from the east, where they have 
their sources in mountains from 4,000 to 5,000 feet above sea level. 
These mountains are made up of the schistose formations that com- 
pose the wide belt of metamorphic rocks between Dall and Jim rivers. 
These three streams head against the headwaters of Dall and Hodzana 
rivers, and of West Fork and Crooked Creek, west-side tributaries of 
the Chandalar. Some prospecting for placer gold has been carried 
on within the valleys of these streams at different times during the 
last 10 years, but though prospects are reported to be widely dis- 
tributed no mining has been undertaken. 

In 1909 the Geological Survey party panned the gravels on the 
upper part of the south branch of Jim River and found colors of 
gold. The stream on which these colors of gold were found has been 
named Prospect Creek. (See PL I, in pocket) 

GOLD BBNCH AKD YICINITT. 

llie best-known placer-gold locality in the valley of the South Fork 
is named Gold Sench. Here there is a deposit of high-stream gravels 
situated on the northwest side of South Fork about 10 miles south 
of the Tramway Bar bench on Middle Fork, and apparently belong- 
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ing to the same class of deposits. It is usually reached by a trail 
about 8 miles long that leaves the Middle Fork near the halfway 
road house, 28 miles below Coldfoot, or 32 miles above Bettles. 

The gold-bearing gravels lie on top of a sloping bench of thick 
unconsolidated wash deposits in a semicircular bend of the river. 
On the south side across the river these unconsolidated deposits 
rise to a height of 200 to 800 feet above the river. The surface 
deposits, in which most of the gold has been found, are mostly of 
fine washed stream gravels, composed largely of schist pebbles, a 
considerable amount of quartz pebbles, some of flint, and a few 
bowlders and cobbles of igneous rocks. The best gold-bearing gravels 
mined were from 18 to 24 inches thidc, distributed over un area 
about three placer claims (60 acres) in extent. Most of the gold 
rested on a '^ false bedrock !' of reddish sand from 2 to 12 inches 
thick, and the richest yield was obtained from an area 150 to 200 
feet wide and about a quarter of a mile long. Some of this shallow 
ground was so rich and so easily handled that from $80 to $90 a day 
to the man was mined with rockers, and in 1900-1901 an extensive 
shovel and sluice-box operation is reported to have yielded $85,000 
worth of gold. The total production for Gk>ld Bench is estimated 
to be about $150,000. 

In a few places deeper layers of the reddish sand with which 
paying quantities of gold were associated were found from 6 to 8 feet 
beneath the surface. Shafts sunk into the bench deposits to a depth 
of 20 feet have failed to reach solid country rock, but scxne colors of 
gold are found scattered through the washed deposits, which are all 
crudely stratified and range from coarse to fine material, the finer 
fragments being mostly of flat bluish -gray schist. 
' The gold is in the form of fine, flaky, light, and very much flat 
lened pieces, the largest of which had a value of $3.50. 

The bedrock source of the gold is not known. It may have been 
washed from the direction of Tramway Bar bench, as a low valley- 
like depression filled with channel-washed gravels extends from that 
direction, but it appears more probable that the gold may have come 
from the mountains that border the south side of the river opposite 
and for some distance above Gtold Bench. These mountains are 
apparently formed of igneous rocks, largely diabases, which may 
have intruded the schist formations with which they are associated, 
and it may be that these igneous rocks have an intimate relation with 
the origin of the placer gold. On the south branch of Jim River, 
where colors of gold were found on Prospect Creek, the mountains 
that form the north side of the valley appear to be made up largely 
of the same igneous rocks. 

One of the best reasons for believing that the Gold Bench gold 
may be derived from the mountains that lie between the South Fork 
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and Jim River is that placer gold is known to occur on some of the 
streams that drain from this group of mountains and also in other 
bench-gravel deposits on the South Fork above Gold Bench. Three 
of these bendi deposits are named Ironside and Grubstake bars and 
Eagle Cliff. 

Ironside Bar is a gold-bearing bench deposit about a mile above 
Gold Bench on the south side of the river channel, where prospects 
of gold have been found and a little mining has been done. Grub- 
stake Bar is a similar deposit on the northwest bank of South Fork 
about 9 miles above Gold Bench. The bench is low and was worked 
with sluice boxes in 1900-1901 by two men who obtained about 
$2,000 worth of gold. Eagle Cliff is likewise on the northwest bank 
of South Fork about 2 miles above Grubstake Bar. It is a deposit 
of well-washed gravels resting on top of a rock-cut bench from 10 
to 12 feet above the low-water stage of the river. In 1899 it was 
mined with a waterwheel to raise water from the river for washing 
the gravels. The gold found here is coarse, rounded, and about the 
size of wheat grains. During 1910 about $1,500 worth of gold was 
mined from these benches by four or five men. 

DAVIS AND OTHEB CBEEKB. 

Davis Creek is a stream about 5 miles long, flowing from the moun- 
tains about 4,000 feet high that lie to the southeast between South 
Fork and Jim River. It joins South Fork about 8 miles above Gold 
Bench and is one of the first known placer-gold streams in this valley. 
The bars at its mouth are usually dry, as the stream apparently sinks 
into unfrozen gravels, but there is a good flow of water above its 
mouth, where it has cut into thick deposits of washed gravel. A 
small amount of gold occurs in these gravels and they have been 
mined to a small extent at intervals for the last 10 years. It is re- 
ported that above Davis Creek there are prospects, but no good pay- 
ing quantities of gold in several creeks flowing from the same moun- 
tains, and also on Wilson Creek, a north-side tributary to South Fork 
about 21 miles above Gold Bench. It is also reported that loosely 
scattered colors of gold may be found in the gravels along South 
Fork as far up as Boulder Creek, which rises opposite the upper 
basin of Slate Creek ; but no mining has been done along this part of 
the river. 

HEADWATERS OF OLACIEB CBEEK. 

Glacier Creek, a large north-side tributary of the upper South 
Fork, about 10 miles long, heads against Gold Creek and two 
south-side tributaries of Bettles River. Its main valley is so deeply 
filled with unconsolidated deposits that it has not been prospected. 
Gold was discovered in 1901 on its principal headwater branch, 
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California Creek, and two of its tributariee, Jim and Boer ^Iches. 
Shovel and sluice-box mining operations have been carried on in a 
small way by several men each simmier since 1901, but this work has 
never yielded much more than the equivalent of the current wages 
of the district and hence has not proved very attractive. Two men 
who were working on Jim Gulch during the summer of 1909 planned 
to carry on prospect work in some of its deeper frozen gravel de- 
posits during the winter of 1909-10. 

VOBTH FOBS OF KOYXTKUK BFTEB. 
OENEBAX. FEATURES. 

The North Fork of the Koyukuk is a large stream that rises on 
the south side of the Arctic divide west of the head of Hammond 
Creek and drains a north-south valley over 60 miles long and from 
10 to 15 miles wide that lies west of and parallel to the Middle Fork 
Valley. The upper part of the North Fork Valley is in mountains 
of the same limestone formation that occupies a wide belt north of 
Settles River, extends westward across Dietrich River, and crosses 
Hammond Valley about 25 miles above its mouth. The southern half 
of the North Fork Valley is in the schist formations that underlie the 
massive limestones to the north. About halfway up the valley, some 
35 miles above its mouth, are several small creeks that carry shallow 
gold-bearing gravels. The first discovery of gold in this valley was 
made on Washington Creek in August, 1902; in September of the 
same year gold was found on Mascot Creek, a short distance farther 
west. Supplies may be taken to this locality by way of the North 
Fork in poling boats, but the usual practice has been to use a winter 
sled route from the Middle Fork by way of Wiseman Creek, at the 
head of which there is an open pass about 800 feet above the main 
rivers. The distance from Nolan Creek on Wiseman Creek to Mascot 
Creek is about 10 miles. 

Washington Creek, which heads against several of the lower west- 
side tributaries of Hammond Creek, has not so far yielded enough 
gold to encourage serious mining operations, although some coarse 
smooth gold is found in its gravels. 

MASCOT CBEEK. 

Mascot Creek is the only stream in the North Fork basin that has 
been extensively mined. Its bedrock is a micaceous quartz schist and 
its gravels are shallow, being nowhere more than 3 feet and in some 
places but a few inches deep. While the gravels were not considered 
to be very rich by the miners, the ease with which they could be 
handled made the work very profitable, it being little more than 
equivalent to what is termed "cleaning bedrock'' in an ordinary 
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hydraulic operation. The gold rested mostly upon bedrock or in 
the lowest layers of gravel, and to some extent in the soft, decayed 
bedrock, which in places was removed to a depth of a foot The 
gold mined was coarse — ^large nuggets, some worth $100, bemg found. 
The ease with which these deposits could be handled made it possible 
to carry on the mining with a profit of about 70 per cent of the 
yield, and when the extremely high costs of that time are considered 
the operations on Mascot Creek may be said to be the most profitable 
that have ever been performed in the Eoyukuk district. 

Mascot Creek is a short stream. The ground that has been mined 
extends over 11 claims, or less than 8 miles in length, from claim No. 
3 below to claim No. 7 above Discovery. Discovery claim was the 
best. It yielded about $13,000 in 1903, or a total of $25,000 for that 
year and the two following. Claims Nos. 1 and 2 below Discovery 
are said to have produced a total of about $20,000 each, and claims 
Nos. 1 and 2 aboVe Discovery the same amount each. Claim '^ No. 8 
above '' yielded about $25,000 in 1903 and a little in 1904. '' Nos. 4 to 
7 above" produced the equivalent of wages. The gross yield of 
Mascot Creek up to 1909 was about $150,000, of which $90,000 worth 
was mined in the summer of 1903 and the remainder during the two 
following summers. 

In 1910 mining was revived on Mascot Creek in a small way, on 
bench gravels situated along the right side of the valley about 60 feet 
above the stream, opposite claims '^Nob. 1 and 2 below," About 
$2,000 worth of gold was mined. 

WILD arvEB. 

Wild River enters the Koyukuk from the north about 18 miles 
below the mouth of North Fork. Its valley lies between that of 
North Fork on the east and John Eiver on the west, but it is not so 
long or large as either of these streams. It is probably not over 50 
miles long in a direct north-south direction, but the main stream 
is longer than this, because the lower half of its course is very wind- 
ing. The upper part of the valley crosses the gold-bearing schist 
belt from 80 to 40 miles north of Koyukuk Kiver, and small amounts 
of gold have been mined from three creeks lying in this schist belt. 
The first one of these creeks in upstream order is Birch Creek, an 
east-side tributary, from which about $10,000 worth of gold was 
mined during 1905-6. 

About 10 miles above Birch Creek the river flows from a lake, and 
on two small creeks that flow into this lake from the east some gold 
has been mined. The southern of these streams is named Lake Creek. 
In 1908-4 gold to the amount of $2,000 was taken from a claim on one 
of its headwater gulches. The gold was coarse, some of the nuggets 
ranging in value from $90 to $150. 
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Spring Creek is the next stream above on the same side of the lake. 
The claim that has been mined is located about 1 mile frcxn the lake. 
It yielded about $5,000 in 1907, but the summer of 1908 was so diy 
that there was not enough water available for advantageous work. 

JOHH arvBX. 

John River is one of the largest northern tributaries of the Ko- 
yukuk, which it joins about 2 miles above Bettles. It is about 120 
miles long and crosses the Endicott Mountains in a deep valley that 
has its head in a pass across the Arctic divide at an elevation of 
about 2,500 feet above sea level. 

From 40 to 60 miles above its mouth this river crosses the south- 
westerly extension of the Koyukuk belt of gold-bearing schist 
North of this belt is the same massive limestone formation that over- 
lies the schists on North Fork, Hammond Creek, and Dietrich and 
Bettles rivers to the northeast. Schrader has noted a zone of sul- 
phide mineralization in this belt of schistose rock, and the localities 
where prospects of gold have been found and small amounts mined 
are in this belt. No gold-bearing deposits have been found north of 
this schist belt. 

Crevice Creek, which lies in these rocks on the east side of the 
river, and Fool Creek and its tributaries, on the west side, are the 
only streams on which encouraging prospects have been found up to 
this time. About $1,800 worth of gold was mined on Crevice Creek 
in 1904 and good prospects were found on Midas Creek, a tributary 
of Fool Creek, in 1905, but these discoveries have not led to further 
development. 

DAUi AND HODZANA RIVER REGION. 

Considerable search has been made for placer gold in the valleys of 
Dall and Hodzana rivers and their tributaries. It is reported that 
some prospects have been found in this district, but so far as known 
no mining has been done on a commercial basis. Much of this field 
has not been examined, but the evidence in hand goes to show that 
the geologic conditions are not unfavorable to the occurrence of gold 
placers, and that further prospecting would seem to be justified. 

CHANDALAR DISTRICT, 
QEKEBAL FEATXniEB. 

t 

At present mining operations in the Chandalar Valley are confined 
to a rather small area whose central part is situated about 6 miles 
east of the upper end of Chandalar Lake. (See PL I, in pocket) 
On the west this area is bounded by the north-south portion of the 
Chandalar Valley, on the north by a wide east-west valley now 
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drained by Lake and Grave creeks, on the east by the headwaters of 
McClennan and Big creeks, and on the south by Tobin Creek. As 
thus limited the area is about 10 miles in extent from north to south 
and the same from east to west and embraces about 100 square miles. 
The chief features of this area are a rugged mountain mass, whose 
peaks are from 5,000 to 6,000 feet above sea level, and whose slopes 
are steep and deeply dissected by gulch valleys. The streams of these 
gulches are Big Creek and its tributary headwater stream St. Marys, 
Tobin Creek, Bowlder Creek, Big and Little Squaw creeks, and Big 
and Little McClennan creeks. They flow from the mountains in 
various directions and have concentrated along their courses more or 
less placer gold which is without doubt derived from the mineralized 
country rock into which the gulches have been eroded. 

In a broad sense the Chandalar district may be considered an east- 
erly continuation of the Koyukuk district. The same country rocks 
occur in both in the sections where gold has been found, their kinds, 
condition, and general stratigraphic relations being similar through- 
out a belt some 10 to 20 miles wide that extends from southwest to 
northeast across the region. The auriferous mineralization in the 
particular mountain mass here under consideration appears to have 
been associated with intrusive rocks, which at this locality are mostly 
diorites. There are apparently several of these intrusive masses, and 
they seem to be more or less accordant with the general strike, from 
southwest to northeast, of the country rocks which they cut. There 
are evidences of quartz mineralization in the schistose country rock 
about the borders of the intrusive masses. Several of these quartz 
bodies are 4 to 6 feet or more wide in their thickest parts and are 
known to have a more or less connected linear extent of several thou- 
sand feet. The directions of these lode zones do not appear to con- 
form to the structural trends of the country rock, but rather to lie 
across the strike at large discordant angles. In general they extend 
from east to west. 

In addition to the larger quartz-lode zones there are a number of 
small lenses scattered about in apparently a disconnected manner 
and a considerable number of veinlets at some localities. In general 
the quartz appears to be best developed around the borders of the 
larger dioritic intrusive masses, and while there are dikelike bodies 
of the same intrusive rock extending out from the larger masses the 
quartz mineralization does not appear to accompany these to any 
extent. 

QJJASLTZ LODES. 

Recent prospecting appears to reveal four principal quartz-lode 
zones, which extend across this mountain mass with general east- 
west trends in more or less connected form. It is thought that 
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these are practically (x>ntiiiuou8 zones of fractures in the bedrock, 
but that the deposition of vein quartz, at least of quartz carrying 
gold, is not necessarily continuous along their whole extent but 
appears to occur more in the form of shootlike bodies. There is evi- 
dence that these zones have suffered shearing movements since some of 
the quartz was deposited along them, and it may be that the quartz is 
more or less cut off or squeezed out in places; also that the quartz 
was never deposited in a vein of more than a few inches thickness 
at other places. In some parts of these zones the fractured walls of 
country rock lie against each other, with practically no vein quartz 
deposited between their slickensided surfaces. In the larger bodies 
the quartz has been considerably crushed and recrystallized, which 
seems to indicate that considerable of the quartz was deposited before 
the latest shearing movements occurred. 

The southernmost of these zones of more or less quartz-filled frac- 
tures extends across the upper part of Tobin Creek basin. The 
principal claims located in this basin are known as the Mikado group. 
To the east, in the valley of upper Big Creek, there is a body of 
gold-bearing quartz in the bed of the creek on Discovery placer 
claim, and a group of lode claims have been located along its west- 
ward trend, which extends toward the Mikado group in upper Tobin 
Creek basin. It is thought that these two groups of lode claims are 
along the same general mineralized zone, and that this zone may be 
continuous from the valley of Big Creek to the upper basin of Tobin 
Creek, a linear extent of 3 miles or more. Where shafts have been 
sunk along the quartz veins in Big and Tobin valleys it is found that 
they stand nearly vertical, their dip being 80® .N. 

On the Tobin, Little Mikado, and Mikado claims of the Mikado 
group the quartz has been exposed by open cuts in six places over a 
distance of 3,000 feet, and in all of these the quartz near the surface 
contains rich values in gold. Considerable development work has 
been done on the Little Mikado claim of this group. At about 20 feet 
from its west end line a shaft has been sunk on the vein to a depth 
of about 100 feet The average thickness of this vein is about 4 feet, 
although there are some contractions and expansions along it. At a 
depth of 100 feet it is 3 feet 10 inches wide. It is reported that 
average assays from the quartz removed in sinking this shaft give 
$112 to the ton. In 1912 a tunnel was run on this claim to tap the 
vein upon which the shaft has been sunk. It is estimated that this 
tunnel will meet the vein in a distance of about 456 feet, at a depth 
of about 209 feet below the mouth of the shaft, which has already 
been sunk 100 feet. This tunnel is 4 by 6^ feet in cross section, and 
in September, 1912, had been driven 180 feet. Three men will con- 
tinue it throughout the winter of 1912-13 under a contract which 
pays them about $8 a day for their labor. 
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Another zone of quartz mineralization lies about 2 miles north 
of the Mikado group. Three principal groups of claims are located 
along this zone. From west to east they are named the Kelty. 
Eneveloe, and Summit groups. The Eelty group is situated on 
the southwest headwaters of Big Squaw Creek and the Eneveloe 
group on the southeast headwaters of this stream. The Summit 
group extends along the divide between Big Creek and Little Squaw 
Creek. The veins along this zone dip about 65° S. 

A tunnel on a line separating First Chance and Last Chance claims 
of the Eneveloe group has been driven 165 feet, to a point where its 
face is 125 feet below the surface. It is expected that this tunnel will 
tap a quartz vein about 200 feet from its mouth. On the Last 
Chance claim there is a surface outcrop of quartz which is reported 
to assay $198 to the ton. On the Woodchuck claim, which extends 
to the east from the Ijost Chance, a tunnel entrance has been opened 
cm a vein of quartz that has a width of about 4 feet between well- 
defined walls. On the Eneveloe claim, which lies north of the Wood- 
chuck claim, another body of quartz about 6 feet wide which carries 
considerable free gold has been prospected by three open pits. 

On the Summit claim a shaft 54 feet deep has been sunk, and a 
tunnel has been run 72 feet along the vein. A sample from 5 feet 
of ore in the tunnel at a depth of 34 feet is reported to have assayed 
$54 to the ton. In the tunnel the vein was found to be from 1^ to 
2 feet wide, and one rich lens of ore was found. The vein on this 
claim has been uncovered in four other places by shallow openings. 

A third zone of quartz mineralization extends across the valley of 
Little Squaw Creek about three-fourths of a mile north of the Eneve- 
loe group. As in that group, the dip of the vein is about 65° S. 
The principal claim, the Little Squaw, has a tunnel 87 feet long 
driven along the vein, reaching at its face a depth of 35 feet. About 
50 tons of good ore are on the dump of this tunnel. Some of this ore 
has been run through a small stamp mill that has been erected near 
the mouth of Little Squaw Valley. It is reported that this ore assays 
$60 to the ton and that $38 to the ton of free gold was recovered on 
the plates of the stamp mill. A road has been built up the west side 
of Little Squaw Valley from this mill site to the Little Squaw claim. 

A fourth group of lode claims is located on a zone of quartz out- 
crops about a mile north of the Little Squaw group. They extend 
across the west slope of the valley of Little Squaw Creek. Tunnels 
have been started on two of these claims. 

The veins of the four belts of mineralization that have been located 
in this district are composed essentially of quartz, and so far as they 
have been developed appear to be chiefly of the fissure-vein type, 
although their form and extent as well-defined continuous quartz 
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bodies has not been conclusively demonstrated by the small amocint 
of underground work done on them up to 1918. ^Further develop- 
ments along the strike of the quartz bodies may show the veins in 
some parts of the fracture zones to be more like the kind termed 
stringer veins. This would not be surprising from the evidence of 
sheared displacements shown by the nature of the quartz that makes 
up the larger bodies which have been opened. However, so far as 
observed, the ore bodies are essentially fissure veins or shoots rather 
than stringer lodes. 

A large part of the quartz is much crushed and recrystallized. 
Most of it is white in appearance, and ccMnposed of masses of inter- 
fering grains, without many cavities, into which crystalline prisms 
project. This massive quartz, however, has been much fractured 
into sheets, which, in general, lie parallel to the vein walls and each 
other. These sheets vary from an eighth of an inch up to several 
inches in thickness, and many of the thicker ones are broken into 
tablet-like pieces by cross fractures. Between the thicker sheets 
some of the thinner ones taper to knifelike edges, and many thin, 
small lenses of quartz occur along the fractures. Most of the frac- 
ture seams between the thin sheets and lenses of quartz would not 
be noticeable to the unaided eye if it were not for the presence of 
films of dark sulphides which are deposited along the fractures. In 
addition to the deformational sheeting of the quartz, which is appar- 
ently due primarily to shearing movements, there is some depositional 
banding present in the veins. These bands are fillings of quartz from 
1 to 3 inches thick, which show quite perfect interlocking crystals 
along the centers of individual sheets. The evidence seems to indi- 
cate that they have been deposited along sheared fractures, whose 
faces have been sprung apart to the width of a few inches, instead 
of being closely appressed and slickensided by the shearing move- 
ments. None of these depositional seams appear to have been filled 
with the sulphide ores instead of quartz, although they are all open 
fractures in the older crushed and recrystallized quartz, which con- 
tains a considerable amount of the gold-bearing sulphides. This 
seems to indicate that much of the shearing has occurred since the 
sulphide minerals were first introduced. Many of the sheared faces 
of crushed and recrystallized quartz sheets show slickensided coat- 
ings or thin seams of sulphides. 

The two most abundant gold-bearing sulphides appear to be 
sphalerite (zinc sulphide) and arsenopyrite (arsenical iron sul- 
phide or mispickel). There are minor amounts of galena (lead sul- 
phide) and stibnite (antimony sulphide), together with a little 
pyrite and chalcopyrite. All these sulphides are rather intimately 
associated with one another throughout the crushed, recrystallized, 
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and sheared quartz. These minerals occur both as small aggregates 
and blotches scattered through the more massive tablets of the re- 
crystallized quartz sheets and as films and thin bands along the 
fractures between the sheets, especially between the thinner sheets. 
Free gold in flakes and specks may be observed mixed with the sul- 
phides and scattered about in the quartz. Neither the sulphide min- 
eral aggregates or the free gold appears to occur in solid forms or 
chunks of large size. 

Within about 75 feet of the surface the ore is chiefly oxidized 
and the gold is probably for the most part free. Probably below the 
depth of 100 feet the ores will be found in a less oxidized condition. 

The arsenical pyrite (mispickel) will probably be found to carry 
the highest values in gold, but the sphirierite (zinc blende or black- 
jack) will probably be more indicative of silver. Until thorough 
mill tests of the ore are made it will be impossible to state the gold 
tenor of the average ore. Probably one-third of the sulphide con- 
centrates in a mill run of much of the ore will be sphalerite (zinc 
sulphide), with arsenopyrite and galena second and third in abun- 
dance. The sulphides sphalerite and galena generally tend more to 
silver than arsenopyrite or pyrite. 

There seems to be little doubt that the most promise for the future 
of the Chandalar district is in its quartz lodes, but it requires a 
much larger initial investment of capital to develop lode deposits 
than placers, especially in a region so remote as this, where even 
rich shallow placers that require very little capital or machinery 
do not always yield adequate returns under present commercial 
conditions. 

The Alaska Road Commission has taken steps to relieve the situa- 
tion to some extent by laying out a winter sled trail from the settle- 
ment of Beaver, on the Yukon, over which supplies and machinery 
may be transported with greater facility than in the past. During 
the winter of 1909-10 a small prospecting stamp mill was hauled 
to Discovery claim on Big Creek, and an attempt was made to 
mine a quartz lode prospect on that claim, but this appears to have 
been discontinued. This mill has since been used for testing the 
ore from a vein on Squaw Creek. 

FLA0SX8. 

The placer gold in the gulches is without doubt derived from the 
erosion of the weathered vein material, and the fact that the placer 
gravels are not very rich, although they evidently represent the con- 
centration of gold from the disintegration of a great thickness of 
country rock during a long period of erosion in a locality which does 
not appear to have been glaciated, may be used as evidence that the 
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gold-quartz veins contain only small amounts of gold. This, how- 
ever, is not borne out by assays of the ore, for some remarkably rich 
gold quartz has been found in the prospects that have been opened. 

There has been a little placer mining in the Chandalar district 
in the last 10 years, but the value of the total production does not 
exceed $60,000. Most of this gold has been taken from the head of 
Big Creek and from St. Marys Gulch. It is reported that in 1911 
a shaft was sunk on Crooked Creek to a depth of 286 feet and one 
on Mammoth Creek to a depth of 172 feet, but that no workable 
placers were found. 
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«The mining industry in 1907, by A. H. Brooks. In Bulletin 345, 1908, pp. 30-^. 

45 cents. 
*The mining industry in 1908, by A. H. Brooks. In Bulletin 379, 1909, pp. 21-62. 

50 cents. 
The mining industry in 1909, by A. H. Brooks. In Bulletin 442, 1910, pp. 20-46. 
The mining industry in 1910, by A. H. Brooks. In Bulletin 480, 1911, pp. 21-42. 
*The mining industry in 1911, by A. H. Brooks. In Bulletin 520, 1912, pp. 19-44. 

50 cents. 
Railway routes, by A. H. Brooks. In Bulletin 284, 1906, pp. 10-17. 
*Railway routes from the Pacific seaboard to Fairbanks, Alaska, by A. H. Brooks. 

In Bulletin 520, 1912, pp. 45-88. 50 cents. 
Geologic features of Alaskan metalliferous lodes, by A. H. Brooks. In Bulletin 480, 

1911, pp. 43-93. 
*Tin resources of Alaska, by Frank L. Hess. In Bulletin 520, 1912, pp. 89-92. 50 

cents. 
*Administrative report, by A. H. Brooks. In Bulletin 259, 1905, pp. 13-17. 15 cents. 
Administrative report, by A. H. Brooks. In Bulletin 284, 1906, pp. 1-3. 
Administrative report, by A. H. Brooks. In Bulletin 314, 1907, pp. 11-18. 
*AdminiBtrative report, by A. H. Brooks. In Bulletin 345, 1908, pp. 5-17. 45 cents. 
*Administrative report, by A. H. Brooks. In Bulletin 379, 1909, pp. 5-20. 50 cents. 
Administrative report, by A. H. Brooks. In Bulletin 442, 1910, pp. 5-19. 
Administrative report, by A. H. Brooks. In Bulletin 480, 1911, pp. 5-14. 
*Adminstrative report, bv A. H. Brooks. In Bulletin 520, 1912, pp. 7-18. 50 cents. 
Report on progress of public l&nd surveys during 1910, by A. H. Brooks. In Bulletin 

480, 1911, pp. 15-a). 
*Notes on the petroleum fields of Alaska, by G. C. Martin. In Bulletin 259, 1905, 

pp. 128-139. 15 cents. 
The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 
Markets for Alaska coal, by G. C. Martin. In Bulletin 284, 1906, pp. 18-29. 
The Alaska coal fields, by G. C. Martin. In Bulletin 314, 1907, pp. 40-46. 
Alaska coal and its utilization, by A. H. Brooks. In Bulletin 442, 1910, pp. 47-100. 
^The possible use of peat fuel in Alaska, by C. A. Davis. In Bulletin 379, 1909, 
pp. 63-66. 50 cents. 
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The preparation and use of peat as a fuel, by C. A. Davis. In Bulletin 442, 1910, 

pp. 101-132. 
*The distribution of mineral resources in Alaska, by A. H. Brooks. In Bulletin 345, 

pp. 18-29. 46 cents. 
Mineral resources of Alaska, by A. H. Brooks. In Bulletin 394, 1909, pp. 172-207. 
^Methods and costs of gravel ana placer mining in Alaska, by C. W. Punngton. Bul- 
letin 263, 1905, 362 pp. 35 cents. Abstract in *Bulletin 259, 1905, pp. 32-46. 15 

cents. 
^Prospecting and mining gold placers in Alaska, by J. P. Hutchins. In Bulletin 345, 

1908, pp. 54-77. 45 cents. 
*GreogTaphic dictionary of Alaska, by Biarcus Baker; second edition by James McOor- 

mick. Bulletin 299, 1906, 690 pp. 50 cents. 
*Water-Bupply investigations in Alaska in 1906-7, by F. F. Henshaw and C. C. Goveit. 

Water-Supply Paper 218, 1908, 156 pp. 25 cents. 

Maps, 

^Alaska, topographic map of; scale 1 : 2,500,000: preliminary edition, by R. XJ. Goode. 

Contained in Professional Paper 45. $1. Not published separately. 
*Map of Alaska showing distribution of mineral resources; scale, 1:5,000,000; by 

A. H. Brooks. Contained in Bulletin 345. 45 cents. 
Map of Alaska; scale, 1 : 5,000,000; by Alfred H. Brooks. 
Map of Alaska ^owin^ distribution of metalliferous deposits, by A. H. Brooks. 

Contained in Bulletin 480. Not issued separately. 
Map showing distribution of mineral resources in Alaska, by A. H. Brooks; scale, 
1:5,000,000. Price 20 cents. Also included in * Bulletin 520. 50 cents. 

BOVTHXASTEBir AZJL8SA. 

•Preliminary report on the Ketchikan mining district, Alaska, with an introductory 



sail 
ska, 



sketch of the geology of southeastern Alaska, by Alfred H. Brooks. Professional 
Paper 1 1902 120 dd. 25 cents. 
«The I^upine placer district, Alaska, by C. W. Wright. Bulletin 236, 1904, 35 pp. 

15 cents, 
rrhe Treadwell ore deposits, by A. C. Spencer. In Bulletin 259, 1905, pp. 69-^7. 15 

cents. 
*£conomic developments in southeastern Alaska, by F. £. and C. W. Wright. In 

Bulletin 259, 1905, pp. 47-^. 15 cents. 
*The Juneau gold belt, Alaska, by A. C. Spencer, pp. 1-137, and A reconnaissance of 
Admiralty Island, Alaska, by C. W. Wright, pp. 138-154. Bulletin 287, 1906, 161 pp. 
75 cents. 
Lode mining in southeastern Alaska, by F. £. and C. W. Wright. In Bulletin 284, 

1906, pp. 30^53. 
Nonmetalbc deposits of southeastern Alaska, by C. W. Wright. In BuUetin 284, 

1906, pp. 54-60. 
The Yakutat Bay region, by R. S. Tair. In Bulletin 284, 1906, pp. 61-64. 
Lode mining in soumeastem Alaska, by C. W. Wright. In Biilletin 314, 1907, pp. 

47-72. 
Nonmetalliferous mineral resources of southeastern Alaska, by C. W. Wright. In 

Bulletin 314, 1907, pn. 73-81. 
Recomudssance on the Pacific coast from Yakutat to Alsek River, by Eliot Black- 
welder. In Bulletin 314, 1907, pp. 82^8. 
*Lode mining in southeastern Alaska in 1907, by C. W. Wright. In Bulletin 345, 

1908j pp. 78-97. 46 cents. 
*The building stones and materials of southeastern Alaska, by C. W. Wright. In 

Bulletin 345, 1908, pp. 11&-126. 45 cents. 
*Copper deposits on Kasaan Peninsula, Prince of Wales Island, by C. W. Wright and 

Sidney Paige. In Bulletin 345, 1908, pj). 98-115. 45 cents. 
The Ketchikan and Wrangell mining districts, Alaska, by F. £. and C. W. Wright. 

Bulletin 347, 1908, 210 pp. 
*The Yakutat Bay region, Abska: Physiography and glacial geol^y, by R. S. Tarr; 
Areal geology, by R. S. Tarr and B. S. Butler. Professional Paper 64, 1909, 186 
pp. 50 cents. 
*Mining in southeastern Alaska, by C. W. Wright. In BuUetin 379, 1909, pp. 67-86. 

50 cents. 
Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 442, 1910, pp. 133- 
143. 
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The occurrence of iron ore near Haines, by Adolph Knopf. In Bulletin 442, 1910, 

pp. 144-146. 
A water-power reconnaiaaance in southeastern Alaska, by J. C. Hoyt. In Bulletin 

442, 1910, pp. 147-157. 
Geolofl^ and mineral resources of the Bemers Bay region, Alaska, by Adolph Knopf. 

Bulletin 446, 1911, 58 j>p. 
Minim; in southeastern A 
The 
The__ „ , 

geologic and topographic maps. Bulletin 50^, 1912, 61 pp*. 
The BitKBL mining district, Aha. 
The earthquakes 

Lawrence Martin. Professional Paper 69, 1912", 135 pp. 



>pographic maps. Bulletin 502, 1912, 61 pp*. 

: district, Alaska, by Adolph Knopf. BuUetin 504, 1912, 32 pp. 

at Yakutat Bay, Alaska, in September, 1899, by R. S. Tarr and 



Topographic mapt, 

Juneau special map; scale, 1: 62,500; by W. J. Peters. For sale at 10 cents each or 

13 for 50. 
BemerB Bay special map; scale, 1 : 62,500; by R. B. OHver. For sale at 10 cents each 

or $3 for 50. 
Toppgraphic map of the Juneau gold belt, Alaska. Contained in ^Bulletin 287, Plate 

AXXVI, 1906. 75 cents. Not issued separately. ^ 
Kasaan Peninsula, Prince of Wales Island. No. 520-A; scale, 1 : 62,500; by R. H. 

Sargent, D. C. Witherspoon, and J. W. Bagley. For sale at 10 cents each or $3 

for 50. 
Copper Mountain and vicinity. Prince of Wales Island, scale, 1 : 62,500; by R. H. 

Sargent. For sale at 10 cents each or $3 for 50. 

COITTKOIXBR BAT, PBOICB WILLIAM BOUHD, AVD COFPZR RIVER RBOIOR8. 

*The mineral resources of the Mount Wrangell district, Alaska, by W. C. Mendenhall. 
Professional Paper 15, 1903, 71 pp. c3ontains map of Prince William Sound and 
Copper River region; scale, 12 miles=>l inch. 30 cents. 
i^BeringRivercoalfield,byG. C.Martin. In Bulletin 259, 1905, pp. 140-150. 15cents. 
*Cape Yakta^ placers, by G. C. Martin In Bulletin 259, 1905, pp. 88-89. 15 cents. 
*Notes on the petroleum fields of Alaska, by G. C. Martin. In Bulletin 259, 1905, pp. 

128-139. 15 cents. (Abstract from Bulletin 250.) 
The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 
Creology of the central Copper River region, Alaska, by W. C. Mendenhall. Profes- 
sional Paper 41, 1905, 133 pp. 
Copper and other mineral resources of Prince William Sound, by U. S. Grant. In 

Bulletin 284, 1906, pp. 78-87. 
Distribution and character of the Bering River coal, by G. C. Martin. In Bulletin 

284, 1906, pp. 65^76. 
Petroleum at Controller Bay, by G. C. Martin. In Bulletin 314, 1907^ pp. 89-103. 
Geology and mineral resources of Controller Bay region, by G. C. Martin. Bulletin 

335, 1908, 141 pp. 
*Note8 on copper prospects of Prince William Sound, by F. H. Moffit. In Bulletin 

345, 1908, pp. 176-178. 45 cents. 
*Minenu resources of the Kotsina and Chitina valleyB, Copper River region, by F. H. 

Moffit and A. G. Maddren. In Bulletin 345, 1908, pp. 127-175. 45 cents. 
Mineral resources of the Kotsina-Chitina r^on, by r. H. Moffit and A. G. Maddren. 

Bulletin 374, 1909, 103 pp. 
*Copper mining and prospecting on Prince William Sound, by U. S. Grant and D. F. 

Higgins, jr. In Bulletin 379, 1909, pp. 87-96. 50 cents. 
*Gold on Prince William Sound, by U. S. Grant. In Bulletin 379, 1909, p. 97. 50 

cents. 
^Mining in the Kotsina-Chitina, Chistochina, and Valdez Creek regions, by F. H. 

Moffit. In Bulletin 379, 1909, pp. 153-160. 50 cents. 
^Mineral resources of the Nabesna-miite River district, by F. H. Moffit and Adolph 

Knopf. In Bulletin 379. 1909, pp. 161-180. 50 cents. 
Mineral resources of the Naoesna-Wnite River district, by F. H. Moffit and Adolph 
Knopf; with a section on the Quaternary, by S. R. Cappe. Bulletin 417, 1910, 
64 pp. 
Mining in the Chitina district, by F. H. Moffit. In Bulletin 442, 1910 j>p. 158-163. 
Mining and prospecting on Prince William Sound, by U. S. Grant. In Bulletin 442. 
1910, pp. 164-165. 
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RecomuuBsance of the geology and mineral resources of Prince William Sound, Alaska, 
by U. S. Grant and D. F. Higffins. Bulletin 443, 1910, 89 pp. 

Creology and mineral resources ol the Nizina district, Alaska, by F. H. Moffit and 
S. R. Capps. Bulletin 448, 1911, 111 pp. 

Headwater regions of Gulkana and Susitna rivers, Alaska, with accounts of the Valdez 
Creek and Ghistochina placer districts, b]^ F. H. Moffit; including geologic and 
topographic reconnaissance maps. Bulletin 498, 1912, 82 pp. 

The upper Susitna and Ghistochina districts, by F. H. Moffit. In Bulletin 480, 1911, 

p. 127. 
*The Taral and Bremner districts, by F. H. Moffit. In Bulletin 520, 1912, pp. 

93—104. 50 cents. 
*The Chitina district, by F. H. Moffit. In Bulletin 520, 1912, pp. 105-107. 50 cents. 
*Gold deposits near Valdez, by A. H. Brooks. In Bulletin 520, 1912, pp. 108-130. 
50 cents. 

Coastal glaciers of Prince William Sound and Kenai Peninsula, Alaska, by U. S. 
Grant and D. F. Higgins. Bulletin 526, 1913, 84 pp. 

The Hanagita-Bremner region, Alaska, by F. H. Moffit. Bulletin — . (In prepara- 
tion.) 

Topographic maps. 

Copper and upper Chisto<^ina rivers; scale, 1:250,000; by T. G. Gerdine. Con- 
tained in Professional Paper 41 . Not issued separately. 

Copper, Nabesna, and Chisana rivers, headwaters of; scale, 1:250,000; by D. C. With- 
erspoon. Contained in Professional Paper 41. Not issued separately. 

Controller Bay region; No. 601 A; scale, 1:62,500; by E. G. Hamilton. Price 35 
cents a copy or $21 "per hundred. 

Headwater rqgions of Gulkana and Susitna rivers; scale, 1:250,000; by D. C. With- 
erspoon and C. £. Giffin. Contained in Bulletin 498. Not published sepa- 
rately. 

COOK IHXXT AVD BXTSZTITA XBOIOIT. 

The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 
*Coal resources of southwestern Alaska, by R. W. Stone. In Bulletin 259, 1905, 

pp. 151-171. 15 cents. 
♦Gold placers of Turnagain Arm, Cook Inlet, by F. H. Moffit. In Bulletin 259, 1905, 

pp. 90-99. 15 cents. 
♦Mineral resources of the Kenai Peninsula: Gold fields of the Turnagain Arm region, 

by F. H. Moffit, pp. 1-52; Coal fields of the Kachemak Bay r^on, by R. W. Stone, 

pp. 53-73. Bulletin 277, 1906, 80 pp. 25 cents. 
Preliminary statement on the Matanuska coal field , by G . C . Martin . In Bulletin 284, 

1906, pp. 88-100. 
♦A reconnaissance of the Matanuska coal field, Alaska, in 1905, by G. C. Martin. 

Bulletin 289, 1906, 36 pp. 
Reconnaissance in the Matanuska and Talkeetna basins, by Sidney Paige and Adolph 

Knopf. In Bulletin 314, 1907, pp. 104-125. 
Geologic reconnaiasance in the Matanuska and Talkeetna basins, Alaska, by Sidney 

Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 
♦Notes on geology and mineral prospects in the vicinity of Seward, Kenai Peninsula, 

by U. S. Grant. In Bulletin 379, 1909, pp. 98-107. 50 cents. 
Preliminary report on the mineral resources of the southern part of Kenai Peninsula, 

by U. S. Grant and D. F. Higgins. In Bulletin 442, 1910, pp. 166-178. 
Outhne of the geology and mineral resources of the Iliamna and Clark lakes region, 

by G. C. Martin and F. J. Katz. In Bulletin 442, 1910, pp. 179-200. 
Gold placers of the Mulchatna, by F. J. Katz. In Bulletin 442, 1910, pp. 201-202. 
The Mount McKinley reeion, by A. H. Brooks, with descriptions of the igneous rocks 

and of the Bonnifiela and ICantishna districts, by L. M. Prindle. Professional 

Paper 70, 1911, 234 pp. 
A geologic reconnaissance of the Iliamna region, Alaska, by G. C. Martin and F. J. 

Katz. Bulletin 485, 1912, 138 pp. 
Geology and coal fields of the lower Matanuska Valley, Alaska, by G. C. Martin and 

F. J. Katz; including detailed geologic and topographic maps. Bulletin 500, 

1912, 98 pp. 
♦Gold deposits of the Seward-Sunrise region, Kenai Peninsula, by B. L. Johnson. In 

Bulletin 520, 1912, pp. 131-173. 50 cents. 
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*6old placers of the Yentna district, by S. R. Capps. In Bulletin 520, 1912. pp. 

174-200. 50 cents. 
The Yentna district, Alaska, by S. R. Capps. Bulletin 534, 1913, 75 pp. 
Preliminary report on a detailed survey of part of the Matanuska coal nelds, by G. G. 

Martin. In Bulletin 480, 1911, p. 135. 
A reconnaissance of the Willow Creek gold region, by F. J. Kats. In Bulletin 480, 

1911, p. 152. 

Topographic maps. 

*Kenai Peninsula, northern portion; scale, 1:250,000; by E.G. Hamilton. Con- 
tained in Bulletin 277. 25 cents. Not published separately. 

Reconnaissance map of Matanuska and Talkeetna region; scale, 1:250.000; bv T. G. 
Gerdine and R. H. Sargent. Contained in Bulletin 327. Not published 
separately. 

Mount Mciunley region: scale, 1:625,000; by D. L. Reabum. Contained in Pro- 
fessional Paper 70. Not published separately. 

Lower Matanuslka Valley; scale, 1:62,500; by R. H. Sargent. Contained in Bulletin 
500. Not published separately. 

BOVTKWXSTZ&V ATAg^A 

*Gold mine on Unalaska Island, by A. J. Collier. In Bulletin 259, 1905, pp. 102-103. 

15 cents. 
*Gold deposits of the Shumagin Islands, by G. C. Martin. In Bulletin 259, 1905. 

pp. 100-101. 15 cents. 
*Notes on the petroleum fields of Alaska, by G. C. Martin. In Bulletin 259, 1905, pp. 

128-139. 15 cents. (Abstract from Bulletin 250.) 
The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 
*Coal resources of southwestern Alaska, by R. W. Stone. In Bulletin 259, 1905, pp. 

151-171. 15 cents. 
The Herendeen Bay coal fields, by Sidney Paiee. In Bulletin 284, 1906, pp. 101-108. 
*Mineral resources of southwestern Alaska, by W. W. Atwood. In Bulletin 379, 1909, 

pp. 108-152. 50 cents. 
Geology and mineral resources of jMurts of Alaska Peninsula, by W. W. Atwood. Bul- 

letm 467. 
Outline of the geology and mineral resources of the Iliamna and Clark Lake region, by 

G. C. Martin and F. J. Katz. In Bulletin 442, 1910, pp. 179-200. 
A geologic reconnaissance of the Iliamna re^on, Alaska, oy G. C. Martin and F. J. 
Katz; including geologic and topographic reconnaissance maps. Bulletin 485, 

1912, 138 pp. 

Topographic maps. 

The Balboa-Herendeen Bay and Unga Island region: scale, 1: 250,000; by H. M. Eakin. 
Contained in Bulletin 467. Not issued separately. 

The Iliamna region; scale, 1:250,000; by D. C. Witnerspoon and C. E. Gifiin. Con- 
tained in Bulletin 485. Not issued separately. 

Tuxoir BAsnr. 

*The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin 218, 1903, 71 pp. 

15 cents. 
*The gold placers of the Fort3rmile, Birch Creek, and Fairbanks regions, by L. M. 

Prindle. Bulletin 251, 1905, 89 pp. 35 cents. 
Yukon placer fields, by L. M. Prindle. In Bulletin 284, 1906, pp. 10^131. 
Reconnaissance from Circle to Fort Hamlin, by R. W. Stone. In Bulletin 284, 1906, 

pp. 128-131. 
The Yukon-Tanana region, Alaska; description of the Circle quadrangle, by L. M. 

Prindle. Bulletin 295, 1906, 27 pp. 
The Bonnifield and Kantishna regions, by L. M. Prindle. In Bulletin 314, 1907, pp. 

205-226. 
The Circle precinct, Alaska, by A. H. Brooks. In Bulletin 314, 1907, pp. 187-204. 
*The Yukon-Tanana region, Alaska; description of the Fairbanks and Kampart quad- 
rangles, by L. M. Prindle, F. L. Hess, and C. C. Covert. Bulletin 337, 1908, 102 
pp. 25 cents. 
^Occurrence of gold in the Yukon-Tanana region, by L. M. Prindle. In Bulletin 

345, 1908, pp. 17^186. 45 cents. 
•The Fortymile gold-placer district, by L. M. Prindle. In Bulletin 345, 1908, pr 
187-197. 45 cents. 
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*Water-flupplyinvestigation8 in Alaska, 1906 and 1907, by F. F. Henahaw and G. C. 

Covert. Water-Supply Paper 218, 1908, 156 pp. 25 cents. 
*Water supply of the Fairbanks district in 1907, by C. C. Covert. In Bulletin 345, 

1908, pp. 198-205. 45 cents. 
The Fortymile quadrangle, by L. M. Prindle. Bulletin 375, 1909, 52 pp. 
Water-supply investiRations in Yukon-Tanana r^on, 1906-1908, by C. C. Covert 

and C. £. Ellsworth. Water-Supply Paper 228, 1909, 108 pp. 
*The Fairbanks gold-placer region, oy L. M. Prindle and F. J. Katz. In Bulletin 

379, 1909, pp. 181-200. 50 cents. 
*Water supply of the Yukon-Tanana reeion, 1907-8, by C. C. Covert and C. £. Ells- 
worth. In Bulletin 379, 1909. pp. 201-228. 50 cents. 
*Gold placers of the Ruby Creek district, by A. G. Maddren. In Bulletin 379, 1909, 

pp. 229-233. 50 cents. 
^Placers of the Gold Hill district, by A. G. Maddren. In Bulletin 379, 1909, pp. 

234-237. 50 cents. 
*Gold placers of the Innoko district, by A. G.' Maddren. In Bulletin 379, 1909, pp. 

238-266. 50 cents. 
The Innoko gold-placer district, Alaska, with accounts of the central Kuskokwim 
Valley and the Ruby Creek and Gold Hill placers, by A. G. Maddren. Bul- 
letin 410, 1910, 87 pp. 
Sketch of the geology oi the northeastern part of the Fairbanks quadrangle, by L. M. 

Prindle. In BiUletin 442, 1910, pp. 2(fer-209. 
The auriferous quartz veins of the Fairbanks district, by L. M. Prindle. In Bulletin 

442, 1910, pp. 210-229. 
Placer mining in the Yukon-Tanana region, by C. E. Ellsworth. In Bulletin 442, 

1910, pp. ?30-245. 
Occurrence of wolframite and cassiterite in the gold placers of Dead wood Creek, 

Birch Creek district, by B. L. Johnson. In Bulletin 442, 1910, pp. 246-250. 
Water supply of the Yukon-Tanana region, by C. E. Ellsworth. In Bulletin 442, 

1910, pp. 251-283. 
The KoyuKuk-Chandalar gold region, by A. G. Maddren. In Bulletin 442, 1910, pp. 

28i-315. 
Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and G. L. Parker. In 

Bulletin 480. 1911, p. 172. 
Water supply oi the Yiikon-Tanana r^on, 1910, by C. E. Ellsworth and G. L. Parker. 

In Bulletin 480, 1911, jp. 217. 
Mineral resources of the Bonnifield region, by S. R. Capps. In Bulletin 480, 1911, 

p. 236. 
Gold placer mining developments in the Innoko-Iditarod region, by A. G. Maddren. 

In Bulletin 480, 1911, p. 270. 
♦Placer mining in the Fortymile and Seventymile river districts, by E. A. Porter. 

In Bulletin 520, 1912, pp. 211-218. 50 cents. 
*Water supply of the Fortymile, Seventymile, and Eagle districts, by E. A. Porter. 

In Bulletin 520, 1912, pp. 219-239. 50 cents. 
*Placer mining in the Fairbanks and Circle districts, by C. E. EUsworth. In Bulletin 

520, 1912, pp. 240-245. 50 cents. 
*Water supply of the Fairbanks, Salchaket, and Circle districts, by C. E. Ellsworth. 

In Bulletin 520, 1912, pp. 246-270. 50 cents. 
*The Rampart and Hot Springs regions, by H. M. Eakin. In Bulletin 520, 1912, pp. 

271-286. 50 cents. 
*The Ruby placer district, by A. G. Maddren. In Bulletin 520, 1912, pp. 287-296. 

50 cents. 
*Gold placers between Woodchqpper and Fourth of July creeks, upper Yukon River, 
bvL.M.PrindleandJ.B.Mertie.jr. In Bulletin 520, 1912, pp. 201-210. 50cent8. 
The Bonnifield region, Alaska, by S. R. Capps; including geologic and topographic 

reconnaissance maps. Bulletin 501, 1912, 162 pp. 
A geologic reconnaiasance of a part of the Kampart quadrangle, Alaska, by H. M. 

Eakin. Bulletin 535, 1913, 38 pp. 
A geologic reconnaissance of the Fairbanks quadrangle, Alaska, bv L. M. Prindle; 
with a detailed description of the Fairbanks district, by L. M. Prindle and F. J. 
Katz, and an account of lode mining near Fairbanks, by P. S. Smith. Bulletin 
525, 1913, 220 pp. 
The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 1913, 

119 pp. 
A geolo^c reconnaissance of the Circle quadrangle, Alaska, by L. M. Prindle. 

Bulletin 538. (In preparation.) 
The Iditarod-Ruby region, Alaska, by H. M. Eakin, with geologic and topographic 
reconnaissance maps. Bulletin . (In preparation.) 
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Topographic maps, 

Fortymile quadrangle; No. 640; scale, 1: 250,000; by £. 0. Barnard. Price, lOcents 

a copy or |3 for 50. 
Fairbankfl quadrangle; No. 642; scale, 1: 250,000; by T. 6. Gerdine, D. G. Wither- 

spoon, and R. B. Oliver. Price, 20 cents a copy or |6 for 50. 
Rampart quadrangle; No. 643; scale, 1: 250,000; by D. C. Witherspoon and R. B. 

Oliver. Price, 20 cents a copy or |6 for 50. 
Fairbanks district; No. 642A; scale, 1: 62,500; by T. G. Gerdine and R. H. Saigent. 

Price. 20 cents a copy or $6 for 50. 
*Yukon-Tanana reeion, reconnaLssance map of; scale, 1: 625,000; by T. G. Gerdine. 

Contained in Bulletin 251, 1905. 35 cents. Not published separately. 
*Fairbanks and Birch Greek districts, reconnaissance maps of; scale, 1: 250,000; by 
T. G. Gerdine. Contained in Bulletin 251, 1905. 35 cents. Nottoued sepa- 
rately. 
Circle (quadrangle, Yukon-Tanana region; scale, 1: 250,000; by D. C. Witherspoon. 
Price 50 cents a copy. Also contained in Bulletin 295. 

8EWARO PSAIHHULA. 

*A reconnaissance of the Gape Nome and adjacent gold fields of Seward Peninsula, 
Alaska, in 1900, by A. H. Brooks, G. B. Richardson, and A. J. Collier. In a 
special publication entitled ''Reconnaissances in the Cape Nome and Norton 
Bay regions, Alaska, in 1900," 1901, 130 pp. 50 cents. 
*A reconnaissance in the Norton Bay region, Alaska, in 1900, by W. C. Mendenhall. 
In a special publication entitled "Reconnaissances in the Cape Nome and 
Norton Bay r^ons, Alaska, in 1900," 1901, 38 pp. 50 cents. 
*A reconnaissance of the northwestern portion of Seward Peninsula, Alaska, by A. J. 
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PREFACE. 



By Alhied H. Bsookb. 



The investigation of the mineral resources of Seward Peninsula 
by the United States Geological Survey was begun in 1899 with a 
brief examination of the then newly discovered gold placers near 
Nome. During the succeeding five years geologic and topographic 
reconnaissance surveys (scale 4 miles to 1 inch) were carried over 
nearly the entire peninsula. There still remained a small area north 
of Norton Bay, which was surveyed in 1909, thus completing the 
reconnaissance mapping of the peninsula. 

Although these reconnaissance surveys have been of great value, 
it was recognized that a full understanding of the problems of strati- 
graphic and economic geology of the district could be achieved only 
by means of detailed surveys. Moreover, topographic maps of a 
larger scale were needed for the use of a community engaged in many 
engineering projects. Accordingly detailed topographic surveys 
(scale 1 mile to the inch, with 25-foot contours) of the Nome and 
Orand Central quadrangles were made in 1904 and of the Solomon 
and Casadepaga quadrangles in 1905. 

Detailed geologic surveys and investigations were made at Ncxne 
in 1905 and 1906 and at Solomon in 1907 and 1908. After the com- 
pletion of the surveys of the Nome and Orand Central quadrangles 
it was found that many geologic problems concerning those areas 
were so complex as to defy solution unless the investigations were 
extended into adjoining fields, and therefore the publication of the 
report was deferred until the Solomon and Casadepaga quadrangles 
could be surveyed. The expectation that the information thus gained 
would help to solve the problems referred to was, however, only in 
part fulfilled. It was found that the stratigraphic results obtained 
in the Solomon region could be correlated with the geology of the 
Nome region only by surveying the intermediate area, a belt some 
30 miles in width. Unfortunately the urgent need for investigations 
in other parts of Alaska made it necessary to defer the making of 
any more detailed surveys in Seward Peninsula. These conditions 
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left but two courses open in regard to the results obtained from the 
survey of the Nome and Grand Central quadrangles — either to defer 
their publication indefinitely or to print the report embodying tiiem 
in essentially its original form, with only an incomplete statement of 
detailed stratigraphy and structure. In view of the importance of 
the mining interests within the area described, it was determined to 
adopt the latter course. The reader of this report, therefore, must 
not expect to find herein an exhaustive treatment of all the many 
geologic problems of the region. 

In justice to Mr. Moffit it should be stated that since the comple- 
tion in 1906 of the field work on which this report is based, he has 
made five other important investigations in different parts of Alaska 
and published the results. His assistants, Mr. Hess and Mr. Smith, 
have also been transferred to other fields of investigation. Mean- 
while as mining advanced new information regarding the occurrence 
of the alluvial gold has become available, which should properly 
find place in this report. Therefore there has been good reason for 
the unfortunate delay in issuing this volume. This delay has worked 
no great hardship to the mining industry, for most of the accounts 
of the gold placers here presented have been published from time to 
time in other reports. It seemed desirable, however, to bring to- 
gether in one volume all the information at hand regarding the 
occurrence of the auriferous gravels. Much of this is now only of 
scientific interest, as many of the rich placers have been worked out. 
A knowledge of their mode of occurrence will be valuable, however, 
not only in this but in other regions, in helping to establish the 
natural laws which determine the distribution of ^Id in alluvium. 
As a record of one of the richest placer camps of Alaska, this report 
will have permanent value. 

Bonanza mining in the Nome region, which has produced over 
$50,000,000 worth of gold, is now nearly a thing of the past. There 
are still, however, large bodies of auriferous gravels, many of which 
can be profitably exploited. It is not unlikely that in the future 
more gold will be won from these deposits than has been mined in the 
past. Of lode mining less definite statement is possible, but it may 
be said that the field is well worthy of careful prospecting for vein 
deposits. 



GEOLOGY OF THE NOME AND GRAND CENTRAL 

QUADRANGLES, AUSKA. 



By Fred H. Mofpit. 



INTRODUCTION. 

HELD WOBK. 

The field work on which the following descriptions are based was 
begun in 1905 and completed in 1906. During the first year the field 
investigation was carried on by Frank L. Hess and Fred H. Moffit, 
but in the following year Mr. Hess was unable to continue the work, 
and his place was taken by Philip S. Smith. Publication of the 
results was delayed for various reasons until it became necessary to 
rewrite a considerable part of the manuscript, in order that the 
geologic descriptions might receive such additions and corrections 
as later detailed work in neighboring areas showed to be necessary 
and that later mining developments might be given. Such delays 
necessarily detract from the interest and value of geologic reports 
on regions of gold placers like that at Nome, where changes follow 
one another rapidly, but fortunately many of the conclusions of the 
work have already been given in the reports on progress of investi- 
gations in Alaska in 1905 and 1906.^ 

The earliest study of the Nome gold placers undertaken by the 
Federal Survey was made by Brooks and Schrader in 1899. They 
spent a portion of October of that year at Nome and vicinity and 
published a brief preliminary report on that region. In the follow- 
ing year (1900) a reconnaissance survey of the southwestern part 
of Seward Peninsula was made by Brooks, assisted by Collier and 
Bichardson. The area studied included the region south of Koyuk 
River and the depression in which lie Kuzitrin River and Imuruk 
Basin, but the eastern portion was examined in a more hasty manner 
than the western and central portions. The published report of this 
wof*k is the most important contribution that has been made to the 
geologic literature of the Nome region, for it laid the foundation for 
all subsequent work. 

^ BuU. U. S. Oeol. Survey No. 284. 1006 ; No. 314, 1007. 
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A further brief study of the region was made by Collier and Hess 
in 1903 in the course of an investigation of various placer districts 
of southern Seward Peninsula. During the summer they visited 
the gold-producing districts near Nome, Teller, Council, and Solo- 
mon, also a part of the Kougarok region. They determined the 
presence of tin in its bedrock source and were present when the first 
location of tin-bearing ledges was made in Seward Peninsula. 

The next work of the Federal Survey at Nome was that of 1905 
and 1906, which is the basis of the present paper. Since 1906 Smith, 
in connection with detailed geologic woric in the Solomon and Casade- 
paga districts, has investigated the development of lode and placer- 
mining properties in the vicinity of Nome, and Kindle has niade at 
various localities on Seward Peninsula paleontologic studies that 
have increased the knowledge of the stratigraphy. 

FUBLISHSD BBP0BT8. 

The published results of the studies that deal more particularly 
with the Nome district are contained in the following papers : 

ScHBADEB, F. C, and Bbookb, A. H., Preliminary report on the Cape Nome 
gold region, Alaska : Special publication U. S. Geol. Survey, 1900. 

Bbooks, a. H., Richabobon, G. B., and Collieb, A. J., A reconnaisaance 
of the Gape Nome and adjacent gold fields of Seward PeninBula, Alaska, in 
1900: Special publication U, S. Geol. Survey, 1901. 

MoFFiT, F. H., Gold mining on Seward Peninsula : Bull. U. S. GeoL Survey 
No. 284, 1906, pp. 132-144. 

The Nome region : Bull. U. S. Geol. Survey No. 314, 190T, pp. 126-145. 

Ck>LLiEB, A. J., Hess, F. L., Smith, P. S., and Bbookb, A. H., The gold placers 
of parts of Seward Peninsula, Alaska : BnU. tJ. S. Geol. Survey No. 828, 1908. 

Smith, P. S., InvestigationB of the mineral deposits of Seward P^iinsola: 
BulL U. S. GeoL Survey No. 345, 1908, pp. 206-250. 

Recent developments in southern Seward Paiinsula : Bun. U. S. Geol. 

Survey No. 379, 1909, pp. 267-301. 

Geology and mineral resources of the Solomon and Gasadepaga quad- 
rangles, Seward Peninsula, Alaska : Bull. U. S. Geol. Survey No. 433, 1910. This 
paper does not deal directly with the Nome region, but treats many of the aame 
problems that are found there. 

PuBiNGTON, G. W., Methods and costs of gravel and placer mining in Alaska : 
Bull. U. S. Geol. Survey No. 263, 1905. This paper deals with the conmierdal 
rather than the 'geologic side of mining in Alaska and gives considerable attri- 
tion to the Nome district. 

In 1906 the investigation of the water supply of the Nome district 
was begun, and its results have been published as follows: 

HOTT, J. G., and Hershaw, F. F., Water soi^ly of Nome region, SeWard 
Peninsula, 1906: BulL U. S. Geol. Survey No. 314, 1907, pp. 182-186. Also 
Water-supply Paper No. 196. 

Henshaw, F. F., Water supply of the Nome and Kougarok regions, Seward 
Peninsula, 1906-7 : Bull. U. S. GeoL Survey No. 346, 1906» pp. 27^286. 
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Hershaw, F. F., Water-supply investigatioiiB in Alaska, 1906-7 ; Water-supply 
Paper U. S. GeoL Survey No. 218. 190a 

Water supply investigations in Seward Peninsula in 1908 : Bull. U. S. 

GeoL Survey No. 379, 1909, pp. 370--399. 

Water-supply investigations in Seward Peninsula in 1909: Bull. U. S. 

Geol. Survey No. 442, 1910, pp. 372-118. 

Hbnshaw, F. F., and Pabkeb, 6. I^., Surface water supply of Seward Penin- 
sula, Alaska : Water-Supply Paper U. S. Geol. Survey No. 814, 1913. 

LOCATION AND ABEA OF THE DISTBICT. 

The district under consideration is situated in the south-central 
part of Seward Peninsula (fig. 1), and is included between meridi- 
ans 165'' and 1%5° 30^ west longitude and parallels 64'' 25' and 64'' 




FiGUBB 1. — iDdez map of ■outhern Seward Peninsula, showing areas represented by 
detailed topographic and geologic maps. I. Grand Central quadrangle ; 11, Nome quad- 
rangle; III, Casadepaga quadrangle; IV, Solomon quadrangle. 

67' north latitude. It has a width from east to west of almost 16 
miles, and extends north from its most southern point, Cape Nome, 
a distance of about 35 miles. Its area is thus approximately 525 
square miles. This district is herein represented on two topographic 
maps (Pis. I and II, in pocket). 

Seward Peninsula projects west from the main body of Alaska 
between Bering Sea and the Arctic Ocean. Its northern coast touches 
the Arctic Circle ; and Cape Prince of Wales, the most westerly point 
of the peninsula and of the North American mainland, approaches 
within 60 miles of East Cape, Siberia. The Arctic Ocean and 
Kotzebue Sound on the north and Bering Sea and Norton Sound on 
the south almost surround it, and give propriety to the name penin- 
sula. Its coast line is monotonous. In places the highlands reach 
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the sea, but for the most part its shores are bordered by low sand 
and gravel plains that slope gradually up to the hills. Lagoons cut 
off from the ocean by sand bars form a notable feature of the Arctic 
coast, but are less numerous on the side toward Bering Sea. Shal- 
low water extends far off shore, and the landing of freight and 
passengers is difficult in bad weather, for ocean steamers are obliged 
to anchor a mile or more from the beach, where deep water gives 
them safety. Port Clarence is the only protected harbor of the 
whole coast, and is so situated as to be of comparatively little use 
to shipping. 

Bering Sea is the chief avenue of communication with the outside 
world, but is closed to navigation for nearly seven months of the 
year. During this season no supplies are received at Nome, although 
mail is brought in over the winter trail from Valdez. Nome, the 
principal mining center of Seward Peninsula and the second largest 
town in Alaska, is about 2,300 statute miles from Seattle by direct 
water route. It is the distributing point of supplies for almost the 
entire peninsula, as nearly all freight not destined for Nome itself 
is here transferred to smaller vessels or unloaded for overland ship- 
ment. 

Nome River, which flows southward through the middle of the 
area from a point within a few miles of the northern boundary, 
furnishes an easy route of communication with many of the produc- 
ing creeks as well as with the interior of the peninsula. The track 
of the Seward Peninsula Railway follows its valley northward, and, 
crossing the divide to Salmon Lake, continues to the Kuzitrin by way 
of the Kruzgamepa or Pilgrim River valley. A smaller stream, 
Snake River, at whose mouth Nome is situated, affords a highway 
to the southwestern part of the district, and the southeastern and 
eastern parts may be reached by wagon trail to Osbom and Buster 
creeks. Until the wagon road leading north from Nome to the head 
of Dry Creek was constructed in 1906, the stream beds and the ridges 
were the regular routes of travel, and they still continue to be the 
only practicable ways of getting into much of the region. 

TOPOGRAPHY. 

GENERAL FEATUBES OE SEWABD PEKINSniA. 

Seward Peninsula is an ancient land mass whose surface has been 
exposed to the agents of erosion so long that it has lost most of 
its youthful angularity and appears now with the smooth con- 
tours that indicate great age. Broad rounded hilltops and wide 
shallow valleys characterize the region. This kind of topography 
prevails through most of the northern half of the peninsula and in 
much of the southern part, although in the latter it is modified by a 
chain of younger rugged mountains, which lies nearly parallel to and 
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just south of the east-west axis of the peninsula. This chain is com- 
posed of the Kigluaik and Bendeleben mountains, with which the 
Darby Mountains were formerly included, although their direction is 
more nearly north and south than east and west and they probably 
do not belong to the Kigluaik-Bendeleben chain. The Kigluaik and 
Bendeleben mountains are separated from the northern half of the 
peninsula by a depression formed by the valleys of Kuzitrin and 
Kojmk rivers, two streams that with their tributaries drain most of 
the interior region. 'Hiese rivers have their sources in the broad, flat 
lava fields north of the Bendeleben Mountains. The Kuzitrin flows 
west through Imuruk Basin to Port Clarence, but the Koyuk takes a 
southeasterfy course to Norton Bay. Several smaller breams, in- 
cluding the Kiwalik, Kugruk, Inmachuk, and Goodhope, rise in this 
same lava field and with Serpentine Briver, farther west, flow north 
to the Arctic Ocean. The largest river of the south coast is the 
Niukluk, but Solomon, Nome, Snake, and Sinuk rivers, although 
much smaller, are important because of their gold-bearing gravels. 



Three types of topography — coastal plain, dissected upland, and 
i^gg^ mountain mass — ^are represented in the Nome and Grand 
Central quadrangles (Pis. I and II, in pocket). 

A narrow coastal plain, the Nome tundra (PL VI, A)^ slopes 
gently upward from Bering Sea to the foot of the hills that border 
the coast. Near Nome this plain has a width of nearly 4 miles from 
north to south, but it narrows toward the east till it disappears at 
Cape Nome. Its surface is not a plane, for it has been cut by many 
streams and its former more nearly uniform slopes have given place 
to many irregularities, which, however, when viewed in a large way 
are not great. ^ 

A second type of topography is seen in the region between the Nome 
tundra and the east-west depression formed by the valleys of Sinuk 
River and Salmon Lake. This region for the most part is one of 
rounded hills and broad ridges whose altitudes increase with consid- 
erable regularity from south to north. In the southern part of the 
area the higher summits stand at an elevation of about 1,000 feet 
above the sea, but in the northern part the average height is not far 
from 2,000 feet, although one or two of the highest hills reach or 
exceed 2,600 feet. This area is part of an elevated land mass whose 
original surface has been destroyed by the cutting of numerous 
streams and the weathering action of sun, frost, and rain through 
countless ages. It is a dissected plateau whose early form is sug- 
gested by the accordance in elevation of those parts that have resisted 
the destroying agents most strongly. 

The third type of topography is found in the east- west range of the 
Kigluaik or Sawtooth Mountains, only a small portion of which is 
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shown on the Grand C^itral map (PL II, in pocket). This is a 
region of jagged peaks and sharp ridges separated by steep- walled 
glaciated valleys (Pis. VI, 5/ VIII, A, p. 24; XI, p. 62). Many of 
the summits have elevati(»is greater than 3,000 feet Mount Osb(Mm 
(4,126 feet), the highest point on Seward Peninsula, stands at the 
head of Grand Central River, 3 miles beyond the northern limit of 
the quadrangle. Moderate southern slopes and precipitous northern 
slopes are prominent features of these mountains and help to make 
them a great storehouse for snows that supply water to numerous 
streams throughout the summer, as the lofty southern valley walls 
protect the snow from the sun and preserve it from rapid melting 
in the spring. 

DRAINAGB. 

Nearly all the larger streams of southwestern Seward Peninsula 
originate in or near the Kigluaik Mountains. One of them, Nome 
Eiver, lies wholly within the area under consideration and drains 
the larger portion of it. A second river, the Sinuk (often called the 
Sinrock), with its southern branch, Stewart River, drains the north- 
western part of the area and flows southwest to Bering Sea. Grand 
Central River and its tributaries drain the northeastern part The 
Grand Central flows into Salmon Lake, whose waters are carried 
north around the east end of the Kigluaik Mountains and into Imu- 
ruk Basin by Kruzgamepa River. 

The other larger streams originating within the plateau region are 
Snake River, which lies west of and parallel to Ncmie River, and 
Flambeau River, whose upper part only is shown on the maps. 
Nome and Snake rivers flow in meandering courses through broad 
gravel-floored valleys, but with few exceptions the small streams out- 
side of the coastal plain flow in narrow steep-walled valleys. One 
very noticeable difference between these streams and those of similar 
regions in more temperate climates is that few of them are ever dry 
in summer. Melting ice beneath the blanket of moss supplies some 
water throughout the warmer season, although most of the water 
from this source is probably lost by evaporation. The moss itself 
absorbs the rainfall like a sponge and prevents a rapid run-off. 
When nearly saturated, however, the moss has a much lessened effect 
in holding water. 

DESCRIPTIVE GEOLOGY. 

0X7TLINE OF THE GEOLOaY OF SEWABB PENINSULA. 

Most of the rocks of Seward Peninsula are of sedimentary origin, 
and are highly metamorphosed. They comprise chiefly schists of 
various kinds and much-altered limestones. Plate V shows the 
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general distribution of these rocks. Undifferentiated schists and 
massiye limestones occupy most of the peninsula, except a narrow 
belt extending westward from Koyuk River to Bering Sea. This 
belt is also made up of sdbist and limestone but includes many 
granitic intrusives. Sedimentary beds younger than any of these 
occur in the vicinity of Norton Bay. Unconsolidated gravel and 
sand deposits occupy wide areas of lowland and reach their greatest 
development on the Arctic coast, in the Imuruk Basin, and in a 
narrow belt slong Bering Sea. 

Igneous rocks are represented by the granitic intrusives already 
mentioned and by basic lava flows, some of which are of very recent 
age. The lava flows are not found in the western part of the penin- 
sula and with a few minor exceptions do not appear west of Norton 
Bay in the southern part. 

In the southern and western parts of the peninsula fossils have 
been collected that show all the great systems of the Paleozoic from 
Cambrian to Carboniferous to be represoited. In the northeastern 
part schist and limestone of much the same character and probably 
of equivalent age are associated with younger coal-bearing rocks laid 
down in late Mesozoic or possibly Tertiary time. The consolidated 
sediments are therefore believed to range in age from early Palezoic 
to Mesozoic or Tertiary, but no Triassic or Jurassic rocks are known 
with certainty, and the Cretaceous sediments are practically re* 
stricted to the eastern part of the peninsula so far as present knowl- 
edge shows. In the region of Nome there are no consolidated sedi- 
ments younger than Paleozoic. 

The older sedimentary formations and possibly the younger also 
have been intruded by various igneous rocks, of which the most im- 
portant are granites and diorites, or closely related types, and green- 
stones. The intruding rocks as well as those penetrated by them are 
generally more or less metamorphosed. Extrusive igneous rocks are 
represented by basic lavas in the northeastern part of the peninsula. 
The lower age limit of these lavas is uncertain and probably lies 
within the Mesozoic, but the upper limit is not earlier than Pleisto- 
cene or Recent, as the latest flows overlie gravels of Quaternary age. 

Finally, to complete the geologic column, there must be added the 
unconsolidated surficial deposits, gravels, sands, and unsorted rock 
waste, of Pliocene, Pleistocene, and Recent age. 

It must be admitted at the outset that in spite of all the work that 
has been done in Seward Peninsula the stratigraphy and geologic 
history of the area are very imperfectly understood, and the recent 
studies have (mly shown the problems to be more complicated than 
was supposed. The Paleozoic sediments, comprising much the 
greater part of the rocks of Seward Peninsula, were divided by the 
earlier geologists into three great groups called the Kigluaik, Knzi- 
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trin, and Nome "series," the term' " series '' being used to include 
successions of associated formations distinct from one another but 
composed of individual members that oould not be separated in 
reconnaissance work. These three divisions of the sedimentary rocks 
have been briefly described by Brooks,^ who proposed them, as 
follows : 

The Klgluaik series Is the oldest and Is made up of a basal member consist- 
ing of heavy crystalline limestones, with mica schists, succeeded by a great 
thickness of mica schists and gneiss, and the entire succession is cut by large 
granite dikes. These rocks are overlain by the Kuzitrin formation, mostly 
graphitic slate and quartzite, with a thickness of probably 1,000 feet The 
next horizon is the Nome series, whose basal member includes micaceous and 
calcareous schists, with some limestone, succeeded by several thousand feet of 
massive limestone called the Port Clarence limestone, containing Upper Silurian 
fossila 

The Port Clarence limestone in places is overlain by schistose rocks, which 
constitute the upper member of the Nome series. 

These three divisions have formed the basis of nearly all the geo- 
logic descriptions concerning Seward Peninsula since 1900, and two 
of them, the Kigluaik and Nome groups, are represented in the dis- 
trict to be considered here. They are now known to include sedi- 
ments of widely different systems, limestones ranging in age from 
Cambrian to Carboniferous having been mapped as one formation. 
It is therefore evident that these names can be used only as they 
were intended to be used, as group names, and that they must jGinally 
be displaced altogether or greatly restricted in meaning. 

Bocks of the Kigluaik group are found in the Kigluaik Mountains 
and their eastward extension, the Bendeleben Mountains. The Kig- 
luaik-Bendeleben range marks an axis of anticlinal uplift, which 
brought the older rocks to the surface and forms one of the most 
prominent structural features of the peninsula. It extends from the 
coast of Bering Sea south of Port Clarence east to Koyuk River and 
the Darby Range north of Norton Bay. 

Schists of the Kuzitrin formation, as previously defined by Brooks, 
are typically developed in the east or northeast end of the Kigluaik 
Mountains and along Kuzitrin River. 

The Nome group, whose name is applied with less definite mean- 
ing than that of either the Kigluaik group or the Kuzitrin forma- 
tion, is the most widely distributed of the three. It surrounds areas 
of the older group, includes small areas of infolded coal-bearing 
beds, and comprises most of the hard-rock formations of the penin- 
sula. The schists and limestones of the Nome group have been 
subjected to distorting forces that have resulted in the production 
of two distinct sets of folds approximately perpendicular to each 

1 Brooks, A. H., The geography and geology of Alaska : Prof. Paper U. S. Qeol. Survey 
No. 46, 1906, pp. 217, 259. 
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other. The axis of one set of folds runs north and south. This 
folding was intense, and its results are seen in the southern and 
eastern parts of the peninsula but not in the northwestern part 
The other set of folds is much more open and is most distinct in 
the vicinity of the Kigluaik and B^adeleben mountains, to whose 
axes the folds are parallel. 

Coal-bearing sediments are found chiefly in the east end of the 
peninsula, although thin coal beds whose age has not been determined 
occur at one locality on Sinuk River, in the southwestern part. It 
appears probable that the coal and associated shales, sandstones, thin 
limestones, and conglomerate of the eastern part of Seward Peninsula 
are all of Cretaceous age, as there is now conclusive evidence that 
part of them are and the field relations favor such an assignment. 
These younger beds have been much folded, but they do not show 
such intense metamorphism as appears in the older rocks. They are 
known in only a few comparatively small areas on the peninsula, and 
these appear to be outliers of the great Cretaceous area extending east 
from the head of Norton Bay. 

Surficial deposits occur throughout the peninsula and are locally 
of great commercial importance because of their content of placer 
gold. 

STBATIGKAFHY OF HOME AHD GRAKB CENTRAL QUADRAHGLES. 

The oldest rocks within the area represented on the Nome and 
Grand Central maps are found near its northern boundary (PL IV, 
in pocket) and make up the greater part of the Kigluaik Mountains. 
They occupy about 45 square miles, or 8.5 per cent of the mapped 
area, and consist of biotite gneisses, coarsely crystalline limestone, 
biotite schist, and siliceous graphitic schist. They have a general dip 
to the south and are intruded by dikes and sills of granite, diorite, 
and diabase. Tlie granite forms one area of considerable size. This 
series or group of rocks, omitting the graphitic siliceous schist 
but including limestones and gneiss not represented in the Grand 
Central quadrangle, was named Kigluaik by Brooks.^ 

Overlying the Kigluaik group and occupying nearly all the re- 
mainder of the area mapped (Pis. Ill and IV, in pocket) is another 
series of rocks consisting chiefly of chloritic and feldspathic schists 
and altered limestones with many greenstone intrusives. Beds of 
black graphitic sdiist or slate not distinguishable from those of 
the Kigluaik group occur in many places, and several small areas 
of granitic rocks, the largest being that of Cape Nome, are present. 
This series of sedimentary and igneous rocks, except the granites, 

1 Brooks, A. H., and othen, ReconnalBsances in the Cape Nome and Norton Bay regions, 
Alaska, in 1000 : Special publication U. 8. Oeol. Sorrej, 1001, p. 27. 
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shows a more intense folding than is seen in the schists of the 
Kigluaik group, and its structure appears to be far more compli- 
cated. Brooks applied the name Nome to this group. 

The Kigluaik and Nome groups comprise all the hard-rock fcnrma- 
ti<His of the N(»ne and Grand Central area, but the area contains 
widely distributed unconsolidated deposits. An extensive mantle of 
gravel, sand, and finely ground rock waste covers the lowland 
bordering Bering Sea, floors the stream valleys, and in the southern 
part of the region locally reaches well up on the hill slopes or covers 
the low parts of divides. These water- worn fragmental depodts are 
overlapped in most places by the more or less angular, unassorted 
debris that covers the upper slopes, in places even the tops, of all the 
hills, and that under the influence of frost and rain slowly woiks its 
way to lower levels. Less widely distributed but of local importance 
are the unconsolidated accumulations resulting from glaciation. A 
blanket of moss and other vegetation, overlying both the unassorted 
and the water-laid accumulations resulting frcxn rock weathering, 
makes it impossible in nearly all places to see where the first begins 
or the other leaves off, and it is necessary to rely on a few scattered 
prospect holes for aid in drawing a boundary between them. 

The outline of the stratigraphic succession just given is repre- 
sented in the following table : 

Quaternary (possibly including some Tertiary) : 
Unconsolidated deposits — 

Sands and gravels of marine and of fluvial origin; glacial deposits; 
mantle of unassorted debris due to weatliering. 
Paleozoic (probably middle Paleoasoic) : 
Nome group — 

Schists with thin limestone beds and intruded greenstone sUls. 
Limestone with thin schist beds. 
Schists with thin limestone beds and greenstones. 
Blarly Paleoasoic (possibly in part pre-Paleozoic) : 
Kigluaik groui) — 

TIgaraha schist (biotite schist, gametiferous and stauroUtic in places). 

Limestone 

Gneiss. 

The two lowest formations of the Kigluaik group are not present 
in the Grand Central quadrangle. 

On the geologic maps (PL III and IV, in pocket) are represented 
the upper part of the Kigluaik group— the Tigaraha schist, the only 
formation of the Kigluaik group that is exposed in this area — and 
the Nome group, together with the larger areas of igneous rocks 
accompanying them and the gravel deposits. 

The Tigaraha schist is distinguished from the schists of the Nome 
group by its lithologic character. Biotite is a characteristic feature 
of the Tigaraha schist and is in many places associated with staur- 
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olite. These minerals are not characteristic of the overlying rocks, 
and on the geologic maps the boundary between the top of the 
Tigaraha schist and the base of the Nome group is placed at the top 
of the staurolitic biotite schists. Thus an area of about 45 square 
miles occupied by the upper formation of the Kigluaik group is 
shown on the map. Within this area one principal granite mass 
occurs and there are smaller dikes and sills of granite or granitic 
rocks in a number of places, more especially south of Thompson 
Creek. 

Much the greater part of the mapped area is occupied by the Nome 
group. Two principal types of rock are represented — schists and 
the most important limestones. Greenstone areas also are mapped in 
several places, but no attempt has been made nor does it appear pos- 
sible to differentiate the greenstone schist of igneous origin from that 
of sedimentary origin. In outlining the lim^one areas it was not 
found desirable to indicate many of the thin schist beds occurring in 
the limestone, because the exposures in most places are too poor to 
allow it to be done with a reasonable degree of accuracy. Poor ex- 
posures also have made it impossible to correlate many of the lime- 
stone outcrops, and as no fossib were found in any of the limestones, 
and there are no other distinctive features that permit individual 
beds to be recognized over any considerable area, the detailed struc- 
ture of the Nome group is not fully understood. The surprising ir- 
regularity of the limestone areas is due in part to faulting, in part 
to variation in thickness of the beds, and possibly (see p. 29) in part 
to unconformities within the Nome group, although no definite evi- 
dence of this possibility was obtained. Many thin limestones inter- 
bedded with the schists as well as calcareous phases of the schist are 
not represented. A number of granite areas, one near Copper Creek, 
several east of Mount Distin, and a large one at Cape Nome appear 
within the Nome group and are outlined on the map. The boundary 
of the granite mass at Cape Nome, however, is only approximate, as 
the contact is nowhere exposed. 

In representing the gravels it is necessary, owing to the small scale 
of the map, to leave the color off most of the smaller streams, hence 
in examining the areas of the deposits it should be remembered that 
gravels are present on all the creeks, at least in their lower portions. 
Only surficial deposits that have undergone sorting by water or have 
resulted from glacial action are shown. Undoubtedly there are on 
hill slopes and in some of the saddles areas of gravel that are not 
represented on the map. Inaccuracies in the boundaries of gravel 
areas will also be found, but these are inevitable ii^ a region where 
so much of the surface is covered with moss or with rock waste from 
the upper hill slopes. 
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KIGLUAIK GROUP. 
LOWER FORMATIONS. 

The Kigluaik group, as it is seen in the region of Mount Osbom, 
comprises three principal formations — ^a basal gneiss, an overlying 
heavily bedded limestone, and an upper formation consisting of a 
great thickness of schists and a few thin limestone beds. 

The lowest formation is not exposed within the area represented 
on the Grand Central map. It is found at the base of Mount Osbom 
and consists of a biotite gneiss cut by many intrusive masses. (See 
PL VII.) These two rocks are mingled in a most intimate way. 
The light-colored granitic portions intensify this appearance, as they 
are drawn out and folded and show a well-developed flow structure. 
The gneiss is a dark coarse-grained rock containing a large amount of 
biotite and forms more than half the vertical section of Mount 
Osbom. (See PI. XI, p. 62.) 

The coarsely crystalline limestone overlying the gneiss does not 
appear at the surface in the Grand Central area. It has a thickness 
of 800 to 1,000 feet and is well seen on the east side of Mount Osbom, 
where its complete section is exposed (PI. XI). In the central 
mountain mass it lies horizontal, but on the south and east, possibly 
on the west and north also, it dips under the schist.^ 

The limestone gives rise to some of the most striking topographic 
features of the region. It forms the uppermost precipitous slopes of 
Mount Osbom, on whose top, however, a small mass of schist still 
remains, and it caps the lower summits on the north, where the white 
cliffs stand out prominently. All exposures are much weathered, 
the crumbling debris lying in small talus slopes at the base of the 
ledges. Although this limestone has been subjected to alteration in 
various ways and is entirely recrystallized, it does not show sec- 
ondary minerals like those found in some of the thinner limestone 
beds of the Kigluaik group. 

TIGARAHA SCHIST. 

Overlying the limestone of Mount Osbom is a great thickness, 
at least several thousand feet, of brown-weathering biotite schist, to 
which the name Tigaraha is applied. The type locality includes a 
sharp peak near the head of Buffalo Creek, which is here given the 
name Tigaraha Mountain, ti-ga-rah'-a being the Eskimo word for 
pointed. As used in this paper the term Tigaraha schist denotes all 
that part of the Kigluaik group between the top of the limestone of 
Mount Osbom and the base of the Nome group. Between Mount 
Osbom and the upper valleys of Sinuk and Nome rivers the schist 
dips uniformly to the south at angles less than 35° in most places 
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where observations were made. The south wall of the west branch 
of Grand Central River, which is made up entirely of the Tigaraha 
schist, exposes at least 2,500 feet of the formation, but does not 
include its upp^r and probably greater part. 

The Tigaraha schist as defined shows variety in the character of 
the sediments from which it was produced, but the presence of biotite 
is a constant feature and was used by the earlier workers, as it has 
been in this report, as a pieans of distinguishing the schists of the 
Kigluaik Mountains from those of the Nome group. Collier,^ in 
describing the schists of the Kigluaik group, says: ^'The schists 
which comprise the greater part of this group are generally 
dark gray in color and consist essentially of quartz and biotite, with 
various accessory minerals in the different beds, such as graphite, 
pyrite, magnetite, garnet, staurolite, hornblende, augite, orthoclase, 
plagioclase, etc^^ 

The schist is for the most part fine grained and has a rather 
smooth cleavage. Biotite is the conspicuous mineral. Large red 
garnets are not uncommon. Locally many small flakes of graphite 
are present, and on hasty examination might readily be confused 
with the mica. The brown color by which the outcrops may be dis- 
tinguished at considerable distances is due to a small amount of iron 
oxide resulting from the weathering of iron-bearing minerals in the 
schist. Thin dikes and sills of coarse pegmatitic granite are nu- 
merous, and larger masses of finer-grained granite have been in- 
truded. 

Above the brown-weathering lower part of the schist lies more 
biotite schist, which is highly siliceous in most places and may pos- 
sibly represent altered sandstones or quartzites. Still higher, form- 
ing the upper part of the group, are beds of staurolite-biotite schist 
and black siliceous graphitic beds. Staurolite schist was found in 
the upper part of the Kigluaik group wherever the top of the group 
was observed. The black graphitic beds are irregular in their areal 
distribution and exceedingly variable in thickness, being far more 
prominent east of Buffalo Creek than west of it. It should be said, 
however, that west of Buffalo Creek they may be covered by the 
gravel deposits of Sinuk River. The black graphitic schist is a 
hard siliceous rock with a platy cleavage and is entirely distinct 
from the graphite-bearing schist overlying the heavy limestone. 
In the former the carbonaceous matter is present as a fine dust 
throughout the rock, whereas in the latter graphite occurs as well- 
defined scales or flakes. 

These black beds were considered by the earlier workers to be 
entirely distinct from the Kigluaik group and were believed to be 

^ Collier. A. J., and others, The gold placers of parts of Seward Peninsula, Alaska : Bull. 
U. S. Oeol. Surrey No. 328, 1908, p. 60. 
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part of the Kuzitrin fcnnnation. It is difficult to determine exactly 
the relation between the two, but in the Grand Central region there 
can be no doubt that in some places the thinner beds are entirdy 
conformable with the biotitic schist with which they are interbedded. 

From evidence obtained along Kuzitrin River northeast of the 
Kigluaik Mountains, where the black beds are best developed, 
Brooks considered their probable relation with both the underlying 
biotite schists and the overlying Nome group to be one of uncon- 
formity, but states that the evidence is not conclusive.^ 

Although the name Kuzitrin has been applied to the black car- 
bonaceous schists on the south flank of the Kigluaik Mountains east 
and west of Nome River, the separation is not made here, because 
the black schists occur interstratified with biotite and staurolite 
schists that have been included in the Kigluaik group. At the same 
time it should be kept in mind that, as previously stated, these blac^ 
beds are not distinguishable lithologically from the black carbona- 
ceous schists of the Nome group. The relative age of the beds is 
known only by their stratigraphic position, for no organic remains 
have been discovered in any of the rocks described. Moreover, there 
is a doubt whether they can be correctly correlated with the black 
schists or slates of the type locality on Kuzitrin River. There 
seems, therefore, to be no good reason in this particular region for 
separating schists that differ no more than these do in lithologic 
character and that follow one another in conformable succession, 
unless the separation can be made on evidence afforded by fossils. 
Consequently the siliceous beds with their staurolitic and intercalated 
carbonaceous members are regarded as forming the upper part of the 
Tigaraha schist. 

Thin limestones appear here and there in the Tigaraha schist, but 
are not so numerous as in the schists of the Nome group, to be 
described later. The limestone beds are invariably much altered. 
They have become coarse, crumbling marbles and in places contain 
secondary minerals, such as spinel, malacolite, and a light-brown 
mica. These minerals were found in limestones that have been 
highly folded and are associated with granitic intrusions. In the 
upper part of the Grand Central River valley there are bowlders 
which consist of a highly altered malacolite-bearing limestone con- 
taining many rounded pebbles of various dark eruptives, but the 
rock from which these bowlders were derived was not foimd in place^ 
The limestone beds in the upper part of the Kigluaik group are less 
altered than those in the lower part, and the secondary minerals 
mentioned above were not seen. 

1 Brooks, A. H.. and others, Reconnaissances In the Cape Nome and Norton Bay regions, 
Alaska, In 1900 : Special publication U. 8. Geol. Surrey, 1901', p. 29. 
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AOB. 

The basal beds of the Kigluaik group are believed to be among the 
oldest strata exposed on Seward Peninsula and possibly in Alaska, 
although the rocks themselves contain no fossils to support this 
belief, and it is not now susceptible of proof. The evidence in its 
favor is derived from the stratigraphy, from the character of the 
rocks, and from comparison with other districts. 

The oldest known fossiliferous sediments of Seward Peninsula are 
exposed in the York Mountains, about 60 miles northwest of the 
head of Nome River. Upper Cambrian fossils were found there by 
Kindle in limestone that had been regarded as part of the Port 
Clarence limestone. There is no proof that the Cambrian limestone 
of the York Mountains is equivalent to the massive limestone at the 
base of the Kligluaik group, but there can be little doubt that the 
latter is older than part of the limestone that has been called Port 
Clarence. The limestone of Mount Osbom rests on gneiss and is 
itself highly metamorphosed. Moreover, it underlies the Tigaraha 
schist, and the best available evidence favors the view that it is older 
than the schists and limestones of the Nome group south of the 
Kigluaik Mountains. A large part of the schists and limestones of 
the Nome group are considered to be of Silurian and Ordovician 
age, although, as stated, Cambrian and Carboniferous lime- 
stones have also been included in it.^ The age of the Nome group 
will be considered more fully later, but evidently there is ground for 
considering the Kigluaik group as early Paleozoic rather than late 
Paleozoic, and it may be Upper Cambrian or earlier, possibly even in 
part pre-Paleozoic. 

IVTBXTSIVES ASSOCIATED WITH THE BIGLXTAIX GBOXJP. 

All the formations of the Kigluaik group are cut by intrusives, 
the most common of which is granite. These intrusive rocks, how- 
ever, are far more abundant in the lower part of the group than in 
the upper part. Besides the granite intrusives, dikes and sills of 
diorite, diabase, and pegmatite are present. 

ORANrrE. 

The granite is a normal biotite granite belonging to two or more 
periods of intrusion, as is shown by intersecting dikes and possibly 
by differences of alteration. Its color is light gray, and it varies 
greatly in the amount of alteration it has undergone. In some places 
it is massive, with no marked cleavage, but in others it is a coarse 

1 Collier, A. J., and others. The gold placers of parts of Seward Peninsula, Alaska : Bull. 
U. 8. Geol. Surrey No. 828, 1908, p. 62. 
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gneiss or schist. The gneissoid or schistose phases show the develop* 
ment of a ccMisiderable amount of biotite. Although they may pos- 
sibly represent older intrusions that now form part of a larger 
granite complex, it is probable that, in part at least, they belong in 
zones where pressure on the whole mass has found relief in the 
development of the secondary structure. 

Some of the finest scenery and most rugged topography of the 
Eligluaik Mountains is due in part to the presence of these intrusions 
of granite. The lofty southern walls of several valleys are formed 
by it, and many of the gentler slopes are entirely covered with the 
massive blocks pried off by the winter's ice. Perpendicular joint 
planes have permitted frost to carve the rock into all sorts of fan- 
tastic shapes, and the spires and pinnacles rising trom the steep 
ridges (PI. VIII, A) have given this range the name by which it is 
commonly known — the Sawtooth Mountains. 

The largest granite mass of the region extends from the western 
limit of the Grand Central quadrangle eastward across Windy Creek 
and Sinuk River to the head of Thompson Creek, occupying a wedge- 
shaped area with its narrow end toward the east. It is intruded 
along the bedding planes, underlying the schists on the south and 
overlying those on the north. At the head of Thompson Creek it 
loses its individual character and splits up into many sills (PL VIII, 
B)^ which are well shown on the steep slope south of the stream. 
The separate sills there continue for long distances with only little 
difference in thickness or character. In places the large granite mass 
is cut by black diabase dikes and more rarely by dikes of diorite. 

In the Kigluaik group small dikes and sills are most numerous near 
the main intrusive masses and show themselves to be of different 
ages by the manner in which they intersect one another and possibly 
by their different degrees of metamorphism. On one of the tribu- 
taries of Cobblestone Hiver, north of Windy Creek, a banded gneiss 
is cut by a dike of fine-grained light-gray granite. This in turn is 
crossed by a second gray granite, and all three are cut by black 
diabase dikes. 

DIORTTE. 

Diorite is not a common rock in the Kigluaik Mountains. It was 
observed in only a few places, where it occurs as small dikes asso- 
ciated with the granite. Dikes of diorite cut the granite in the 
vicinity of Windy Creek and are conspicuous because of their dark 
color. These dikes are fine-grained rocks with a pepper and salt 
appearance, produced by the little grains of feldspar and black horn- 
blende. They are more or less sheared wherever they were seen and 
have a good cleavage. When examined under the microscope sec- 
tions of the dike rock are found to consist almost entirely of horn- 
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blende and plagioclase feldspar, with magnetite, apatite, and zircon 
as accessory minerals. Some sections show biotite and titanite also. 
In spite of the well-developed cleavage, the rock is remarkably fresh. 

DIABASE. 

Dikes of diabase are more numerous than dikes of diorite in the 
IK>rtion of the Kigluaik Mountains included in the Ofand Central 
quadrangle. In the lower part of the Kigluaik group, in the vicinity 
of Mount Osborn, they are abundant. They appear to be the most re- 
cent apd least altered of all the intrusive rocks of the region. All the 
dikes seen were small, most of them not more than 2 or 3 feet thick. 
The microscope shows them to be typical diabases having a felty 
groundmass of lath-shaped feldspar with pyroxene crystals be- 
tween. Magnetite and a little biotite are present. A slight altera- 
tion is usually seen, and in some sections the alteration is considerable 
but not enough to hide the original characters of the rock. 

PEGMATITE. 

Pegmatite dikes are numerous in the Tigaraha schist between 
Sinuk River and the granite area on the north, particularly in the 
little area of schist west of Windy Creek. None of them were traced 
into the granite mass, but it is believed that their origin is directly 
connected with the granite intrusion. *A small dike about a mile 
west of the mouth of North Star Creek is typical of these pegmatites 
and attracts attention because of the beauty of some of its wiell-crys- 
tallized minerals. It is light gray in color and consists principally 
of gray quartz and bluish-gray feldspar that are in places inter- 
grown in such a way as to produce the structure of graphic granite. 
The associated minerals seen in the hand specimen are brown and 
white micas, tourmaline, garnet, and beryl. Feldspar crystals up to 
1 inch or li inches in diameter are plentiful. Black tourmalines 2 
or 8 inches long and up to half an inch in diameter are probably the 
most conspicuous of the minerals. They are arranged radially in 
places but near the edge of the dike assiune positions perpendicular 
to the walls. Tourmaline and white mica are most abundant near 
the contacts with the schist. Red garnets are exceedingly abundant 
and range in size from those almost too small to see without the 
microscope to those one-quarter inch in diameter. Their crystal 
forms are finely developed. Some crystals of beryl are seen. 

In the schists about the head of Windy Creek coarse pegmatites 
carrying graphite are present as sills and dikes, but they resemble 
coarse granite and do not present the interesting features of the dike 
just described. The occurrence of such dikes in the vicinity of 
Windy Creek and the presence of stream tin on Goldbottom Creek 
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only a few miles to the south suggest the possibility that some of the 
pegmatites may be found to carry tin. 

AQE. 

It has been shown previously that the intrusives in the Kigluaik 
group were injected at several different perioda This is well illus- 
trated by the occurrence on Cobblestone River, where the gneisses are 
cut by three distinct intrusicHis, and by that on Windy Creek, where 
diorite dikes cut the massive granite. Granite dikes cut the Nome 
schists also, and very extensive intrusions of diabase in the form of 
sills and dikes are widely distributed throu^ the Nome group. All 
these igneous rocks are more or less metamorphosed and are there- 
fore distinctly older than the recent lavas of northeastern Seward 
Peninsula. No evidence to show that the granitic intrusives of the 
Kigluaik group are older than those of Nome group has yet been 
found, but it is believed that the pegmatite dikes of the Kigluaik 
Mountains are associated in origin with the granitic intrusives. The 
pegmatite dikes show little alteration and are therefore assigned to 
one of the later periods of intrusion. It is recognized, however, that 
the degree of metamorphism may be an unsafe guide in determining 
the relative age of rocks in this region. Smith and Eakin^ have 
shown that the massive Cretaceous conglomerate east of the Darby 
Range contains granitic bowlders and pebbles derived from the 
Darby and Bendeleben mountains, and further that there are minor 
granitic intrusions in the Cretaceous sediments. Without much 
doubt the principal periods of intrusion for the granites and related 
granular rocks are pre-Cretaceous. Possibly part of them may be- 
long to the period of intrusion that occurred in late Jurassic time 
and is well represented in many other parts of Alaska, such as the 
south coast region. Others are probably very much older. 

For lack of definite evidence as to the age of the inclosing rocks, it 
is not possible now to do much more than determine the relative age 
of such intrusives as afford favorable conditions for observation, like 
those in the localities noted. 

NOME OBOUP. 

The Nome group within the area under discussion consists mainly 
of schist but includes limestone, which is present in most of the area 
and is important in several parts of it. Calcareous schist or impure 
schistose limestone is locally well represented and is in many places 
of such character as to cause doubt whether it should be mapped as 
limestone or as schist. 

> Smith, P. S., and Eakln, H. M., A ffeolopic reconnaissance In southeastern Seward 
Peninsula and the Norton Bay-Nnlato region : Bull. U. S. Ged. Surrey No. 449, 1911, pp. 
** et seq. 
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SCHIST. 

The diflferent kinds of schist may be broadly classified as chloritic 
schist, feldspathic schist, and siliceous graphitic schist, but these all 
present numerous variations. 

Chloritic schist is the most common kind. In fact, chlorite is 
rarely absent in any of the schists except the siliceous graphitic varie- 
ties, although the amount is in places very small and may not be 
sufficient to give any marked greenish tinge to the rock. In such 
less chloritic phases of the schist, quartz is more prominent and with 
the mica gives a gray color to the fresh specimens. Contrasted with 
such types are those in which chlorite is the most prominent min- 
eral, and the rock takes on a characteristic green color. Such schist 
in places grades into the least feldspathic of the feldspar-bearing 
schist, which carries the albite crystals in amounts not readily se^i 
without the microscope. 

The feldspathic schist is so called from the presence of small 
albite crystals, most of which are not over an eighth of an inch in 
greatest dimension, though some reach diameters of one-quarter or 
three-eighths of an inch. The feldspar gives a peculiar speckled 
appearance to the rock and is best seen on a surface cutting across 
the cleavage. On cleavage surfaces the small white crj^stals may be 
entirely hidden by scales of mica or chlorite. Chlorite is present 
throughout, and usually more or less quartz may be recognized. The 
schist is green or greenish gray because of the chlorite constituent, 
but in certain places the color may be due in part to a considerable 
content of epidote and hornblende. 

A part of the feldspar-bearing schist is derived by metamorphosis 
from rocks of sedimentary origin and another part results from the 
altei-ation of igneous rocks described on page 32. Proof of the 
sedimentary origin of some of the feldspathic schist is afforded 
chiefly by its field relation with the associated schist or limestone. 
Exposures of thin-bedded feldspathic schist and limestone are found 
at a number of localities and are of such a character as almost to 
preclude the possibility of the schist having any other than a sedi- 
mentary origin. A 6-foot ledge of this kind on the south side of 
David Creek was found to be made up of alternate beds of feld- 
spathic schist and yellow-weathering limestone, none of which were 
over 2 inches thick and which averaged probably not over 1 inch. 

It is possible that feldspathic schists of this kind have been de- 
rived either from sediments resulting from the rapid breaking down 
of igneous rocks and the accumulation of the waste material in 
arkose or graywacke beds, or from beds of tuffaceous material formed 
at times of volcanic outbursts and outpourings of lavas such as are 
abundant in parts of Seward Peninsula. This theory of origin is 
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suggested as a reasonable explanation of the similarity between feld- 
spathic schists believed to be altered sediments and those believed to 
be altered igneous rocks. The proof of such an origin for the schists 
under discussion is lacking, however, for the rocks are now too 
greatly changed to give reliable testimony as to their original condi- 
tion. The outcrop on David Creek is believed to furnish evidence of 
rapid and repeated changes of conditions of sedimentation, causing 
the deposition of calcareous material to be frequently interrupted by 
that of argillaceous material whose chemical composition was such 
that on being metamorphosed it was capable of producing feld- 
spathic schists similar in appearance to those of igneous origin. 
The second kind of feldspathic schist will be considered in connec- 
tion with the eruptive rocks associated with the group. 

The siliceous graphitic schist is black or dark gray. Quartz is its 
chief constituent, and a fresh surface is commonly covered with a 
fine black dust which soils the hands. The rock is hard, weathering 
into angular platy fragments that ring under the feet like cinders 
when the shattered outcrops are crossed. Many exposures are rec- 
ognizable at considerable distances by their color, but may be con- 
fused with the black lichen-covered debris of some of the more sili- 
ceous chloritic schist. As far as external appearance is concerned, 
the rock is exactly like much of the siliceous graphitic schist of the 
Kigluaik group, but none of it shows any biotite on the weathered 
surface. 

No definite constant relation was made out between the black 
schist and the other schists or the limestones. The black schist oc- 
curs irregularly in many parts of the region, the largest area of it 
being on the ridge between Anvil Creek and Snake River. The 
south end of this ridge is made up of the black schist, which con- 
tinues along the top of the ridge about three-quarters of a mile. An- 
other large area is at the north end of the top of the hill between 
Goldbottom Creek and North Fork. Still another is at the top of 
the ridge between Charley Creek and Stewart River. 

The black schist beds of the Nome group are in most places thin, 
rarely reaching a thickness as great as 50 feet. On the ridge between 
Charley and Silver Creeks beds of black schist from 1 foot to 2 or 
8 feet thick are interstratified with chloritic schist. At this localitv 
the amount of graphitic material appears to vary along the strike of 
the beds, so that in places the rock becomes a gray quartzite*. The 
same variation in the proportions of quartz and graphitic material 
was observed at other places. 

LIMESTONE. 

Limestone beds are interstratified with schist in all parts of the 
Nome group. They are for the most part light gray or bluish gray 
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in color, but in places they are dark gray owing to the presence of 
carbonaceous matter. All these limestones are metamorphosed in 
some degree, many being entirely recrystallized. A careful exami- 
nation of beds that at first glance appear to be little disturbed may 
show that they have been intensely folded and that the overturned 
portions have been compressed so that the limbs of the folds lie par- 
allel with the bedding. Folds of this kind occur at short intervals. 
(See fig. 2.) Large exposures show that the limestones are cut by 
many joint planes and by small faults. « 

Heavy limestone beds form prominent topographic features in 
many localities. The cliffs and ledges or the rounded hills strewn 
with white limestone fragments are recognizable at considerable dis- 
tances and easily lead to the belief that the rock covers far greater 
areas than it does. Irregularity in thickness characterizes most of 
these beds. Heavy strata thin out abruptly or disappear altogether. 
Some of these changes are due to faulting, but others have resulted 
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FiouRB 2. — Folded beds in thick horissontal limestone stratum. 

from a Vapid decrease in thickness, some possibly from a change in 
sediment along the strike, although no unmistakable example of 
such a change was seen. Unconformities within the Nome group 
might give rise to such an irregularity also, and this explanation was 
kept in mind during the field work, but no definite proof of it was 
obtained. Some evidence was collected, however, which indicates 
that unconformities may exist. Another explanation of this varia- 
tion which seems to apply in some places is that the beds have been 
either thickened or compressed by the pressure and folding that they 
have undergone. An overturned fold pressed tightly together could 
give rise to the condition described. 

Many limestone beds, too small or too poorly exposed to be sepa- 
rately mapped, occur throughout the Nome group. These range in 
thickness from a few inches to possibly 50 feet or more. The most 
extensive limestone area shown on the map includes Mount Distin 
and vicinity. Mount Distin is a mass of interbedded limestone and 
chloritic schist cut by greenstone dikes, limestone being by far the 
most abundant member. It is a synclinal mountain with the strata 
dipping in on all sides. The base of the mountain, as is best shown 
on its southern slope, is made up of alternating beds of limestone and 
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schist, capped by not less than 800 feet of heavily bedded limestone, 
in which are a few brown-weathering impure beds. These inter- 
bedded limestone and schist strata make up the area included by 
Stewart Siver, Goldbottom Creek, and Nome River, but they arc 
folded and faulted so that their areal distribution is extremely 
complicated. 

These rocks are probably to be correlated with those in the area 
extending southwest from Salmon Lake to Nome River, also with 
those east of Nome River below Hobson Creek, but whether they 
correspond with the limestone forming the south front of Anvil and 
Newton peaks or with those at the head of Osbom Creek or on 
Fox Creek is questionable. The limestone forming the north 
front of the hill south of Salmon Lake is not less than 800 feet thick, 
but toward the southwest interbedded schists appear and faults are 
so numerous that the structure and thickness are uncertain. It is 
evident, however, that the limestone has no such thickness as is 
shown in Mount Distin. Between Sampson and Basin creeks the 
upper part of the limestone is a heavy bluish-gray bed at least 600 
feet thick. It overlies interbedded schist and limestone which also 
have a thickness of not less than 600 feet It is much faulted and 
toward the south disappears altogether. 

Collier^ has correlated the limestone of Mount Distin and the 
limestone south of Salmon Lake with the Port Clarence limestone of 
Cambrian and Ordovician age, which is typically developed in the 
northwestern part of Seward Peninsula, and was named from its 
occurrence near Port Clarence. This correlation was made oh strati- 
graphic and lithologic grounds and not on fossil evidence or struc- 
tural continuity. No new evidence on this question was discovered 
during the field work of 1905 and 1906, but in view of the fact that 
Cambrian and Carboniferous limestones have been mapped as part 
of the Port Clarence such a correlation can now mean no more than 
that the limestone of Mount Distin corresponds to some part of the 
Port Clarence limestone. 

The southern faces of Anvil Peak and Newton Peak are formed by 
a limestone that extends from Anvil Creek to Nome River. It dips 
north under the schists that make up the greater mass of these hills, 
but stops abruptly at Anvil Creek. Drill holes along Nome River 
from Laurada Creek to Tripple Creek show limestone bedrock, which 
probably is part of its eastward continuation. It is folded and 
faulted, and its base in most places is covered by debris from the 
hill slopes and by gravels of the Nome tundra, so that its thickness 
is uncertain, though it can hardly be less than 400 feet. 



^Collier, A. J., A reconnaissance of the northwestern portion of Seward Peninsula, 
Alasaka : Prof. Paper U. S. Geol. Survey No. 2, 1902, p. 16 ; The gold placers of parts of 
Seward PeninsoU, Alaska : Bull. U. 8. Geol. Surrey No. 828, 1908, p. 62. 
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Another limestone mass of considerable size lies between New 
Eldorado Creek and Flambeau River, and its cliffs form a prominent 
topographic feature of the region. It overlies and is overlain by 
schist, thus forming an irregular zone around the central schist mass. 
The overlying schist is in part an altered intrusive, a fact which may 
account for the apparent great variation in the thickness of the 
limestone. 

AGE. 

In discussing the age of the Nome group it is necessary to make 
reference to previous geologic work in other parts of the peninsula 
that has had to do with the same problem. The Nome group has 
been held to consist essentially of three formations, two of schist, 
separated by the third, a massive limestone formation called the 
Port Clarence limestcme, from its type locality north of Port Clar- 
ence. This limestone occupies extensive areas in the northwestern 
part of the peninsula and from fossil evidence was considered by 
Collier ^ to be of Ordovician and Silurian age. It overlies a succes- 
sion of arenaceous slates that are exposed a short distance northwest 
of Cape York,' but its relation to the graphitic, chloritic, and cal- 
careous schists north of Grantley Harbor is obscure, although it has 
been supposed to overlie them also. These last-named schists, as 
mapped by Collier, underlie the limestone of Baldy Mountain north 
of Kuzitrin Eiver, which he considered as belonging to the Port 
Clarence and frcHn which Carboniferous or Devonian fossils are 
reported by Kindle.' 

Kindle also found Upper Cambrian fossils in the Port Clarence 
limestone of the York Mountains. In brief, the rocks that have been 
mapped as Port Clarence limestone are not a single formation, but 
are composed of various limestones ranging in age from Cambrian 
to Carboniferous. They can not be correlated as a whole with the 
limestone of Mount Distin and the south side of Salmon Lake valley. 
Probably the limestone of Moimt Distin is equivalent to some part 
of the Port Clarence limestone and is of Paleozoic age, but no evi- 
dence has yet been obtained for any more definite correlation. We 
are thus at a loss for satisfactory evidence as to the age of the other 
formations of the Nome group, as correlation of the schists is even 
more difficult and uncertain than correlation of the limestones. It 
seems probable that a middle Paleozoic age for the limestones and 

1 CoUler, A. J., The gold placers of imrts of Seward Peninsula, Alaska : Bull. U. S. Geol. 
Survey No. 328, 1908, PI. XI, A pocket 

* Knopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska : Bull. U. 8. Oeol. 
Surrey No. 868, 1008, p. 13. 

* Kindle, E. M., The faunal succession in the Port Clarence limestone : Am. Jour. Sci., 
4th ser., roh 82, 1911, p. 849. 
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schists of the Nome group may some day be established, but it can not 
be done with the evidence now at hand. 

lOKBOUS BOCKS ASSOCIATED WITH THE NOME OKOUF. 

The igneous rocks associated with the Nome group are of two 
general classes — greenstones or altered basic intrusives and granitic 
rocks. Greenstones are distributed irregularly through the entire 
area under consideration. The granitic rocks, on the other hand, are 
not abundant and are found in notable quantity in only one locality. 

GREENSTONE. 

The rocks called greenstone are all more or less altered intrusives 
occurring as dikes and sills that cut the limestone and sdiist forma- 
tions of the Nome group and the granite of Cape Nome. No igneous 
rocks of exactly the same character were seen in the Kigluaik group. 
The dark basic dikes found there are all of diabasic or dioritic 
varieties; and although the greenstones are probably related to the 
diabasic dikes they are in a measure distinct. 

The less schistose greenstones are heavy dark-green rocks of fine 
grain, in which the most conspicuous minerals are red garnet and 
pjrrite or the iron oxide resulting from its decomposition. The 
bright cleavage faces of small hornblende crystals and the lighter 
green of the chlorite may also be distinguished. In some of the 
greenstone, however, garnet and pyrite are present only in small 
quantity and may not appear in a hand specimen. The most typical 
and least schistose gre^istone, such as is found near Osbom Creek, 
when examined with the microscope shows garnet, green and blue 
hornblende (glaucophane), chlorite, epidote, and titanite surrounded 
by albite, which contains many small inclusions and forms a sort of 
groundmass. Magnetite or ilmenite, pyrite, titanite, rutile, quartz, 
and calcite are found in some of it. The rock of this locality is an 
edogite and where most metamorphosed has become a feldspathic 
schist. It is extensively exposed in the southern two of the three 
rounded hills between Osbom and Buster creeks, where it is asso- 
ciated with limestone beds and with chloritic and feldspathic schist. 
Its relation to these rocks is not clear, but the greenstone probably 
occurs in them as large sills or dikes. The outcrops are few, and 
little debris other than that of the greenstone is seen on these hills. 

Greenstone intrusives are common east of Nome River, but are less 
prevalent west of it. They are found in^the vicinity of Newton 
Peak and Mount Distin and at a few other places as dikes cutting 
the limestone. As a rule the greenstones do not appear as ledges in 
place, but as heaps of blocks or smaller d6bris strewn over the hill 
slopes or tops. 
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The degree of metamorphisiu varies greatly, but greenstone is 
found which has not been highly altered. Where it is inclosed in 
limestone it seems to have suffered less from pressure and is less 
schistose than where it cuts the other rocks. Even the hard massive 
blocks, which appear to have undergone little metamorphism, are 
seen, when studied microscopically, to contain a large proportion of 
secondary minerals. 

GRANITE. 

The largest granite area is found at Cape Nome. It includes gray 
granite, some of it slightly yellow from weathering, and gray gneiss, 
apparently derived from the granite by metamorphosis. The seem- 
ingly homogeneous granite when looked at in a large way is seen 
to have a banded structure like the gneisses. Both granite and gneiss 
are intruded by greenstone and by a coarse dark-gray porphyritic 
rock containing feldspar crystals, many of which are 1 to li inches 
in diameter. The porphyritic intrusicxi in turn is cut by granite. 

The granite is a fine-grained biotite rock more or less meta- 
morphosed. Allanite is commonly present. Epidote is seen in many 
of the thin sections, also microcline and titanite or leucoxene. The 
common secondary minerals are chlorite and albite. The degree of 
alteration expressed by the development of schistosity varies in dif- 
ferent parts of the mass and is greatest near the boundaries, espe- 
cially toward the north, where the granite either has become a 
feldspathic schist or grades into it. The porphyritic phase is a 
darker gray than most of the other granite, but its most notable 
feature is its abundant content of large crystals of orthoclase feld- 
spar. Quartz, orthoclase, microcline, albite, epidote, and biotite are 
the principal minerals seen with the microscope. Allanite is present 
in much of it. The large feldspar crystals are filled with minute 
mineral inclusions, chiefly quartz. 

Only part of the granite area, about 3 J square miles, is included in 
the Nome quadrangle, and the greater portion may lie east of it. 
The boundaries, however, are indefinite, for the contact is nowhere 
seen, and outcrops, except on the seaward face of Cape Nome, are 
few. It is not possible with the data available to determine whether 
the granite of Cape Nome was intruded into the Nome group or 
whether the rocks of the Nome group were laid down upon it. 
Farthermore, there is no means of telling what age relation exists 
between the granite of Cape Nome and the granite intrusions of the 
Kigluaik Mountains. Like the latter, it is the product of several 
intrusions, but whether the intrusions took place at widely different 
times has not been determined. The greater alteration of the granite 

75778'— Bull. 533—13 3 
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of Cape Nome and the presence in it of allanite, a mineral not seen 
in the northern granites, may be considered as indicating greater age 
and a different source, but these differences seem to be hardly suf- 
ficient to warrant the statement Uiat the two granites are entirely 
unrelated. 

Two or three small areas of much-altered granite are found within 
the Nome group, the most notable lying northeast of Mount Distin 
in the vicinity of Lost Creek and on the north slope of the hill west 
of Copper Creek. They are most probably associated with the gran- 
ite intrusives of the Kigluaik group. 

AGE. 

Little more can be said about the age of the intrusives in the Nome 
group than has been stated in considering the intrusives in the Kig- 
luaik group. They belong to several widely separated periods, pos- 
sibly ranging from the Paleozoic into the Mesozoic 

A large part of the greenstone intrusives, both sills and dikes, are 
extensively metamorphosed. Most of them are entirely recrystallized 
and show the secondary structure of the inclosing schists. A smaller 
part, represented chiefly by dikes in limestone and in schist, have 
undergone severe alteration, but do not show the secondary structure, 
such as cleavage or schistosity, of the inclosing rock. Good evidence 
for a number of distinct times of intrusion is shown in the granite 
area of Cape Nome, where the oldest granite and the gneiss, which 
may themselves be of different ages, are cut by dikes of greenstone 
and of porphyr}', and the porphyry in turn is cut by granite. Such 
relations show the complicated character of the history of the intru- 
sions and indicate the relative age of the intrusive rocks. They do 
not, however, reveal anything as to the time of intrusion, and such 
information must be gained from the inclosing rock and from the 
relations between it and the intrusives. Probably the periods of 
intrusion extended into post-Cretaceous time, but no lower age limit 
can be given, because the age of the sediments composing the Nome 
group is unknown further than that they were probably laid down 
in Paleozoic time. 

VEINS. 

Deformation and rupture of the rocks, especially those of the Nome 
group, have given opportunity for the circulation of mineral-bearing 
solutions and the deposition of veins of quartz and calcite. Quartz 
occurs principally as lenses and stringers in the schist, but also as 
well-defined veins cutting the schist. The small quartz deposits 
in the schist and perhaps some of the larger veins also are believed to 
have been introduced during the time in which the principal deforma- 
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tion of the Nome group took place, for many of them are found to 
be folded with the schist and to have suffered alteration with it. 

Veins of white quartz of considerable thickness — 10, 12, or even 
20 feet — occur, but none yet observed have been traced for more than 
short distances. It is suggested that they may be connected genetic- 
ally with the pegmatite dikes found in the Kigluaik Mountains, but 
of this there is no definite proof, and in fact their small horizontal 
and vertical extent would seem to oppose this idea. They are be- 
lieved to be younger than the small veins and lenses just mentioned 
but have been subjected to the later movements that affected the 
schists in which they occur. In several localities small prospect 
holes or short tunnels driven in the large quartz masses show the 
quartz to be much broken and faulted, and though the weathered 
surface is milky white the joint planes and cracks are stained with 
iron oxide. They show little mineralization, however. Few of these 
large quartz masses appear to occupy well-defined fissures ; as a rule 
they se^n to fill spaces of very irregular outline. The schists nearer 
them are always greatly disturbed, and the veins themselves are 
broken and crushed. 

Small quartz veins, though less conspicuous, are far more numer- 
ous and here and there are well mineralized. They appear as small 
lenses, either lying in the cleavage or crossing it, as fillings along 
joint planes, and as narrow veins or flattened lenses of fairly regu- 
lar thickness but small longitudinal extent. A broken surface of 
such a vein may show sulphides, such as pyrite, or more commonly 
a cavernous interior filled with iron oxide derived from the altera- 
tion of pyrite. Some of these veins are known from numerous assays 
to carry gold in small quantity. 

Calcite veins are restricted to the limestone areas or at least to these 
areas and their immediate vicinity. They reach thicknesses of sev- 
eral feet at various exposures but like the quartz veins have not been 
found to continue horizontally for any considerable distance. It 
should be stated, however, that the lack of outcrops, due to the cov- 
ering of loose weathered material or of moss, is a serious obstacle 
confronting the prospector who attempts to trace veins in this region 
and makes it quite impossible without much labor and expense to de- 
termine the course of the veins on the surface. Numerous calcite 
veins are exposed in the limestone area of Anvil Mountain and its 
continuation east of Dry Creek. Prospect holes have been sunk on 
some of them, and many have been staked as mining property. Free 
gold is found in small amount in some of these veins. 

Besides the veins of quartz and calcite described above, there are 
also veins made up of quartz, chlorite, and albite. Most of these 
were observed in the Anvil and Newton Peak area. They were not 
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found in well-defined fissures and their forms are irregular. They 
are thought to have been deposited later than the small lenses and 
stringers in the schists, and so far as the writer knows they carry no 
gold. 

SVBFICIAL DEPOSITS. 

The surficial deposits of the Nome region (see Pis. Ill and IV, in 
pocket) include accumulations of loose material that result fronn 
weathering processes without the sorting action of streams, lakes, or 
the sea and accumulations that were deposited in water. To the first 
of these belongs the material of angular and subangular form that 
is found on the tops and slopes of hills, gradually creeping down 
under the action of rain, melting snow, or frost to join or overlap 
the margins of the valley gravels. To the second class belong the 
elevated bench gravels, the stream and lake gravels, and the gravels 
and sands of the Nome coastal plain. The loose deposits resulting 
from glacial erosion and transportation belong in part to one class, 
in part to the other. 

UNSORTED WASTE. 

Two classes of unconsolidated fragmental material make up the 
unsorted waste of the Nome region. One class consists of the mantle 
of coarse and fine angular and subangular debris resulting from sub> 
aerial weathering, which is found on the tops but more especially 
on the slopes of hills. The other class includes part of the morainal 
accumulations left by glaciers and will be treated in connection with 
glacial deposits (pp. 51-52). 

Most of the loose rock material on the slopes and tops of hills has 
received no further sorting by water than that brought about by 
rain and melting snow, and deposits of this kind do not take the 
orderly form seen in accumulations of gravel and sand laid down in 
streams or lakes. Much of the material has traveled only short dis- 
tances or practically not at all, and such movement as has taken 
place is down the hill slope, except in the case of wind-blown sands 
or dust. This material represents the destruction of country rock 
brought about by the ordinary processes of weathering, especially 
that produced by change of temperature and the expansive power of 
freezing water. Although the material is properly described as an- 
gular, a small part of it is more or less rounded and might even be 
mistaken for water-worn material. This rounding is probably due 
in part to weathering, in part to the rubbing of the fragments as 
they creep down the slopes under the action of frost, rain, and 
gravity. 

The forms taken by some of these slowly downward-moving accu- 
mulations constitute one of the noticeable features of the hills of 
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this regimi. The dilnris, consisting of fine and coarse material, in 
nio6t places covered with vegetation, moves gradually down the hill 
slope in a manner resembling the movement of tar on a sli^tly 
inclined plane. Each individual flow, of which there are great num- 
bers, shows on the lower edge a steep face from 1 foot to perhaps 6 
or 7 feet high. The face does not extend straight along the hillside 
but consists of a series of lobes, the central part of each moving 
faster than the sides. In many places the advance is plainly made by 
a rolling movement, the upper part of the lobe pushing out beyond 
the lower and overhanging it. The general effect when viewed at a 
distance is that of a roof with irregularly laid tiles. It seems prob- 
able that frost and ice are more effective in moving these terrace- 
like bodies than the summer rain, and that the movement begins in 
the fall, when the ^^ freeze up " comes, but takes place chiefly in the 
spring, when the frost goes out of the ground and leaves it in a soft, 
sometimes almost fluid, condition. The tendency of all this frag- 
mental material is to travel slowly from higher to lower levels. Con- 
sequently it should have covered the margin of the water-laid valley 
and tundra gravels and in fact is found to have done so. This down- 
ward creep b one of the factors that have given rise to confusion 
between water-laid and unsorted material, especially among some of 
the tundra gravels. 

8TR£AM GRAVEL. 

Under the term stream gravel are described those gravel accumu- 
lations that are directly referable to present creeks or rivers or that 
compose the valley floors in which these streams are flowing. Part 
of the deposits lie considerably above the present watercourses and 
in places were laid down under conditions different from those now 
prevailing; yet they owe their formation to transportaticm and 
deposition by streams. 

Most of the gravel deposits are frozen throughout the summer as 
well as during the winter. The exceptions include sand and gravel 
in stream channels, accumulations not covered by moss or muck, and 
irregular deposits that never freeze, probably because of water cir- 
culating in them. 

The gravels found along a great majority of the small tributary 
creeks and gulches are of local origin, being derived from bedrock 
within the limits of the present drainage basins. The character of 
the material forming them will, therefore, depend on the character 
of the rock occurring in their own basins. South of the Kigluaik 
Mountains the gravels on most of the small streams consist almost 
entirely of schist and quartz, in many localities with limestone and 
greenstone. Much of the material is angular or subangular and the 
deposits are shallow. Within the Kigluaik Mountains also the grav- 
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els are of local origin, being derived from the schist, gneiss, and lime- 
stone formations of the Kigluaik group and from the intruded ig- 
neous rocks. They include an immense quantity of glacial bowlders 
and angular blocks. 

In the larger stream valleys, such as those of Nome Biver or Snake 
Biver, the gravels are derived from more widely distributed sources 
and are consequently more heterognieous in character. They con- 
tain not only material from the rocks of the Nome group but also 
some from the Kigluaik group. Such gravels have traveled farther 
and are more worn than gravels on the small streams. They contain, 
therefore, a greater proportion of fine gravel and sand, and in general 
there is greater uniformity in ihe size of their fragments. Angular 
material also is less abundant in them. 

The greatest depth of stream or valley gravels known to the writer 
occurs at the place where Snake Biver leaves the hills to cross the 
coastal lowland. At a distance of 4 miles north from tJie coast the 
gravel accumulations near the river have a thickness of 75 to 100 feet, 
bedrock lying about 75 feet below sea leveL It is therefore evident 
that they occupy a region which has been depressed, and it is even 
probable that the lower part of these gravels constitutes part of the 
coastal-plain deposits. From Groldbottom Creek, 10 miles farther 
north, down to this point Snake River flows in a widely meandering 
course over a gravel valley floor averaging between three-quarters 
of a mile and 1 mile in width. The thickness of these gravels has 
been tested in only a few places, but where examined is considerabla 

Gravel of such depth as occurs on lower Snake River is not known 
in the Nome River Valley. From the mouth of Osbom Creek to 
Bering Sea bedrock lies below sea level^ although along the river 
channel between Osbom Creek and Laurada Creek it is only a few 
feet lower. Where the gravel deposits of lower Nome River above 
Osbom Creek have been tested they were found to range in thidmess 
from 10 to 40 feet At Sparkle Creek the thickness of the gravel 
ranges from 58 to 73 feet and just below Sampscm Creek from 49 
to 60 feet No records were obtained for the portion of Nome Biver 
above Sampson Creek. Nome River, like Snake River, flows over a 
broad gravel floor. Below Hobson Creek this valley floor has much 
the same character as that of Snake River, but above Hobson Creek 
the valley contracts and the amount of gravel filling decreases. 

Extensive and deep deposits of gravel are present in the valleys 
of Sinuk Biver, Stewart Biver, Salmon Lake, and Flambeau Biver, 
but there are no drill records at hand showing their thickness. 

ELEVATED BENCH QRAVEL. 

The elevated bench gravel is treated separately from the stream 
and coastal-plain gravels, not because it is necessarily of a different 
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origin but because of its position. It is evident, then, that the dis- 
tinction is in some measure arbitrary. The term refers to those de- 
posits, excluding coastal-plain gravel, which lie above the influence 
of the present streams and whose deposition therefore does not 
appear to be referable to them. 

The bench gravels are best known in the southern part of the Kome 
quadrangle, because they here carry gold in sufficient amount to be 
of economic value. They are made up of the same kinds of ma- 
terial that are found in the other gravel deposits — ^waste frcmi the 
rocks of both the Nome and Kigluaik groups. 

The more important accumulations occur in the saddles between 
Deer Gulch and Nekula Gulch, between Grass Gulch and Specimen 
Gulch, between Dry Creek and the Left Fork of Dexter Creek, and 
on the south side of King Mountain. (See fig. 9, p. 78.) 

At the first-named locality, just north of Dexter station on the 
Seward Peninsula Railway, the depth of gravel is between 130 and 
140 feet, but a quarter of a mile east of the station a shaft was sunk 
180 feet through gravel to what was apparently a schist ledge and 
then with a slight offset was continued 100 feet deeper to bedrock. 
The gravel consists of schist and quartz with a few pebbles of granite. 
It is possible, however, that the granite occurs only at the surface. 
The appearance of the gravel shows it to be stream wash. A further 
indication of this is that two '' pay streaks," representing old stream 
beds at different levels, led from the saddle southeastward across the 
point of the hill. The lowest depression of bedrock in this saddle lies 
near the head of Nekula Gulch but is filled by gravel, and the 
drainage divide is at Dexter station, several hundred feet southeast, 
so that water which, if the gravel were removed, would reach the 
sea by way of Dexter Creek and Nome River now reaches it by way 
of Anvil Creek and Snake Eiver. 

The gravel in the divide between Grass Gulch and Anvil Creek 
has a depth of 110 feet and fills a comparatively narrow channel. A 
very marked difference between this deposit and that at Dexter is 
the much greater quantity of granite and other foreign bowlders 
here. This granite debris is found at the surface and continues 
southeast toward Dry Creek and southwest into the Anvil Creek 
valley. The gravel in the saddle between Dry and Dexter creeks is 
shallower than that in the other two localities and contains almost 
no granite. 

A filling o| gravel and sand occurs also in the saddle separating 
the two round hills between Buster and Osbom creeks. The driller 
who investigated this locality reported that his drill passed through 
6 to 10 feet of gravel, 90 feet of muck with yellow mud and ruby 
sand, and 20 feet of clear ice into an unknown depth of sands and 
gravel containing much water. 
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Gravels are found also in some of the low saddles along Nome 
River, such as that at the head of Darling Creek, but whether they 
are related in origin to those already mentioned is imcertain. 

COASTAL-PLAIN GRAVEL. 

The coastal-plain or tundra gravel occupies the crescent-shaped 
area included between the sea and the hills and extending from Cape 
Nome to Rodney Creek, 14 miles west of the mouth of Snake River. 
Only the eastern half of this crescent lies within the NcHne quadrangle. 

This coastal lowland consists of a great accumulation of f ragmental 
material, silt, and fine sand interstratified with well-rounded gravels 
and beds containing finer stream wash, together with angular slabs 
and blocks up to 2 feet or more in greatest diameter. With the ex- 
ception of comparatively small areas, these deposits are frozen from 
top to bottom. Beds of pure ice appear near the surface in many 
places. The rock here is similar to that which occurs in the streams 
of the large valleys, including schist, quartz, limestone, and various 
eruptives derived from the Nome and Kigluaik groups. Most of 
the very coarse angular material consists of schist, and a small pro- 
portion is limestone. Granite was not found in beds of this 
character, but large bowlders of granite, worn and more or less 
rounded, occur at the surface. Flattened and striated limestone 
fragments also are found near the surface. Much the greater part 
of these surficial accumulations was laid down by the sea or by 
streams, but there is a considerable portion whose present condition 
is the result of subaerial weathering and a much smaller part which 
was probably brought here by floating ice. 

Since the discovery of gold in the old beaches of the tundra and 
more especially since the very rich beach placers of Little Creek be- 
came known a large number of shafts have been sunk in various parts 
of the coastal lowland and a much greater number of holes have been 
drilled. These shafts and drill holes have given most of the informa- 
tion obtained concerning the gravels. 

Near the coast by far the greater part of the gravel was laid down 
originally in the sea or has been sorted and redeposited by its action. 
Farther north, near the hills, only the lower beds are of marine origin 
and the upper ones are stream-laid or represent the debris creeping 
down from the hill slopes. 

In some places marine gravels and stream deposits may oe recog- 
nized without much difficulty, but in others the two grade into each 
other. It is especially hard, at some points perhaps impossible, to 
distinguish them near the mouths of streams that brought a large 
quantity of rock waste into the sea, as at Little Creek, while the beach 
deposits were forming. As a rule, the marine sediments are cleaner, 
more rounded, and more thoroughly sorted than the stream wash. 
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Beds of "ruby sand" (gamet) are common. Stratification is apt to 
be obscure in the thick heavy beds, but beds of fine and those of coarse 
material and also beds of different materials are usually sharply 
separated from each other. From a number of shafts marine shells 
have been obtained. 

The stream wash, on the other hand, comprises both rounded and 
anf^ilar or subangular fragments. It contains less quartz and does 
not show the wear that characterizes beach deposits. It further 
contains a large amount of mud and is less distinctly stratified. 
Stream gravels may be confused with unsorted debris, which rain and 
frost carry from the hill slopes out over the margins of the sedimen- 
tary accumulations. 

The nimerous shafts and drifts along the buried ancient beaches 
give the best exposures of the tundra deposits. Two well-defined 
shore lines of this sort have 

been explored nearly from iigeii 

end to end, and others are 
known. The one nearer the 

sea lies about two-thirds of ikMiind 

a mile from the present beach ""* 

at Nome and extends east- 
ward to a point within a 

short distance of Cape Nome, ^^ 

hut here its distance from the <m dphWw* 

coast is less. At Hastings sand 

Creek it lies about one- fourth ^,„^^ 

of a mile from the coast, 
but east of that locality its ^' 
position is not known and 
it appears to have been removed through erosion. Its elevation above 
sea level is 37 feet, and its location is indicated in places by a moss- 
covered gravel scarp at whose foot it lies. 

The other buried beach is definitely located from Little Creek, 
where it is crossed by the railroad tracks, to McI>onald Creek, a dis- 
tance slightly more than 5 miles. It has been traced between these 
points in a line slightly bowed toward the north like the present 
beach, yet showing slight undulations, and is interrupted by the 
valleys of Nome Kiver, Anvil Creek, and Snake River, whose streams 
lie below its level. Its elevation above sea, from reliable information 
obtained at Nome, is 79 feet. These two old shore lines are generally 
known as the second and third beaches, the present beach being 
counted as the first. 

A generalized section (fig. 3) of the deposits exposed along the 
third beach shows gravel or sandy gravel with coarse bowlders rest- 
ing either on schist bedrock in whicli are a few limestone beds or, as 
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at the east end of the beach, on fine sands, which in turn rest on 
schist bedrock. Above this is a considerable body of gravel overlain 
by ''muck'' and the surface vegetable matter. This general section, 
however, is subject to wide variations. The thickness of the "muck '* 
ranges from 1 foot to 15 feet or more. A blue clay is found under- 
lying the ^^muck" in several shafts. In places a heavy wash, con- 
sisting chiefly of schist, occurs near the surface. At some points the 
gravels are slightly cemented by the deposition of lime or iron oxide. 
Marine gravels are interbedded with creek wash. The character of 
the material varies in both composition and coarseness. In fact, as 
previously stated, the deposits where first exposed on Littie Creek 
were so varied in appearance and manner of deposition as to cause 
some geologists to doubt whether any of them were of marine origin. 

Only part of the shafts on the second beach have been sunk to bed- 
rock, as the pay streak in most places lies on a fnlse bedrock of clay 
or sandy clay and gravel. There are not many data, then, on which a 
complete generalized section can be based, but apparently coarse 
angular material, although by no means lacking, is not as abundant 
as on the third beach line. The quantity of garnet ("ruby sand'^) 
is also far greater on the third beach. This is probably accounted for 
by the fact that much of the material of the third beach has traveled 
a shorter distance from its source and has been less subject to wear by 
streams and waves. 

In 1907 and 1908, after the field work on which this report is based 
was cwnpleted, a number of other buried beaches were discovered, but 
much less is known of them than of those already mentioned. The 
*^ intermediate " beach is between the second and third beaches and 
has an elevation of 22 feet above sea level. It is thus lower than the 
second beach. One of the prospect holes on this beach was examined 
by Smith,* who says : 

At this place the bedrock consiBts of black, graphitic, somewhat quartzitlc 
schist breaking into small rectangular blocks. The pay gravel is made up of 
poorly rounded schist fragments mixed with a good deal of mud. The gravels 
are very dirty. Above, in the south end of the drift, there Is a sand layer, which 
rises very steeply toward the north. In the north end there is a thin layer of 
muck between the pay gravels and an overlying bed made up of large bowldera 
The bowlders are well rounded, and some of them are 2 fpet in length. Marine 
shells were found in the ** intermediate" beach near Center Creek. 

The two so-called " submarine beaches " lie between the second 
beach and the present beach. They have been .described by Smith ■ 
as follows : 

The easternmost of the prop^ties on this beach is located on the coastal plain 
just west of Snake River and almost directly south of the pumping plant, a 

^ Smith, P. S., Investigations of the mineral deposits of Seward Peninsula : Bull. U. 8. 
Geol. Survey No. 345, 1908, p. 216. 

> Smith, P. S., Recent developments in southern Seward Peninsula : Bull. U. 8. Oeol. Sur- 
vey No. 379, 1909, p. 271-278. 
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quarter of a mile norfli of the iHreeent beacU. The ground has been opened by 
lueaiiB of two shafts, the eastem of which has a depth of 69 feet and the western 
of about 65 feet. At this place the pay streak Is 19.6 feet below sea level and 
for that reason the beach Is called the ** submarine.** • • * 

The unconsolidated depoidts at this place consist of irregularly distributed 
alternations of gravel and sand, the latter usually forming the base of the sec- 
tion. Many of the sandy layers show abrupt terminations which seem to have 
been formed by faults, but none of these dislocations could be traced into the 
grav^ lenses. In the gravel beds pebbles of all kinds of rocks were found. 
Numerous fragments of black slate, similar to that occurring In places as the 
bedrock of the "third beach" and in the hills bnck of Nome, were seen, as 
well as various schist and limestone pebbles. Feldspath^c schist and greenstone 
fragments, however, form only a small percentage of the deposit. It is interest- 
ing to note in this connection that several blocks of granite were also found in 
the gravels. The significance of this lies in the fact that the granite fragments 
are similar to the granite of the Kiglualk Mountains, and the conclusion is 
practically inevitable that they must have been derived from this source. In 
the gravels some large blocks of quartz were found, some of them 2 feet in 
longest dimension. Their general outline was more or less angular, but their 
comers were well rounded, and they had all the appesi ranee of having be^i 
water worn. No constant direction of the shingling of the gravel dei)08its was 
obser\'ed, and it would appear that deposition was effected by strong variable 
currents such as would be expected to occur near a shore line. 

In the west end of the southern drift a series of ramifying streaks of a black 
peaty material cut in irregular directions across the layers of sand and gravel. 
Because of the difference in color these bands are far more noticeable where 
they cut across the light-brownish sand, but a careful search shows that they 
are almost equally numerous in the coarser gravel layera Pebbles showing 
well waterwom outlines are scattered irregularly but not abundantly in these 
peaty seams. When first examined it was believed that they represented 
cracks which had been subsequently filled by material from the surface. 
Similar cracks are obsen'^ed at the present time in many places where the 
melting of the ground ice allows settling and cracking of the deposit previously 
formed. In the light of more careful study, however, such an interpretation 
seems inadequate, for many of the seams taper off toward the top as well as 
toward the bottom, so that a connection with the surface is not indicated. It 
is believed that their occurrence is due in some way to the settling of the 
ground subsequent to the formation of a part at least of the gravel deposits, 
but the information concerning these seams is as yet too meager to allow an 
explanation of their origin. Although as the matter now stands an explanation 
of these seams does not appear to be directly connected with the economic 
problems, it is believed to be important, for everything which throws light on 
the physical conditions under which the coastal-plain deposits were formed 
should assist in determining the factors which led to the deposition of the 
economically valuable placers in this area. 

In the north end of the eastern drift a layer of sand with a few pebbles 
scattered irregularly through it lies underneath a gravel deposit, only the base 
of which is exposed in the drift This sand bed is interesting because it con- 
tains numerous shells that can be used in determining the relative age of the 
gravels at this point. The most abundant of the shells is one that is large and 
clamlike, but numerous other fossils also abound. All the shells occur in the 
sand layer, none being found in the overlying coarser gravel. The physical 
condition of these shells is interesting and, it is believed, throws some light on 
the relative age of this beach and the earlier known and previously described 
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from a short, distance north of the beach to the hills. The drilling 
was done near the stream channel and therefore shows a less thick- 
ness of deposits than would appear if the holes had been placed at a 
distance from if. The shallowest hole is 17 feet deep and the deepest 
120 feet. Between the two the increase is fairly regular. 

Although this statement concerning the increasing thickness of 
gravels toward the north is believed to be true in general, it must 
not be expected to hold true in every individual case, for there is con- 
siderable unevenness in the bedrock surface beneath tlie graveL 
This surface may and undoubtedly does differ greatly fr<Hn the up- 
per surface of the gravels. As an example of this difference may be 
mentioned the fact that a well at the Golden Oate Hotel in Nome 
■was put down 140 feet before striking bedrock, whereas the depth 
of gravel along lower Bourbon Creek averages not far from 20 feet. 

Marine sliells were found in the coastal-plain gravel at several 
places during the course of the tield work and may be seen in the 
dumps from some of the shafts. Many of them are in an almost 
perfect state of preservation, which suggests that they accumulated 
in comparatively quiet water. Two localities furnished most of the 
collection submitted for determination. Near Center Creek, almost 
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2 miles from the coast, they occur in gravels 32 feet below the sur- 
face and at an elevation of about 20 feet above sea level. Two 
forms collected from this locality were determined by W. H. Dall 
as Pecten {Chcanys) swiftii Bernhardi, now living at Hakodate, 
Japan, and Macoma middtedorffii Dall, now living only south of 
the line of winter ice in Bering Sea. ^ * |>^oB««ky ?^iico a« /«iwcitK>*ft|F^ 

A larger collection was obtained from Otter Creek,' 2 miles from 
the coast. They were found 50 feet below the surface, at an eleva- 
tion of 20 feet above the sea. At this locality they are very nu- 
merous, and may be obtained without difficulty. The collection was 
submitted to Mr. Dall, who divides them into two classes, those now 
living south of the line of winter ice and those living both north 
and sotith of it. 

Species now living south of the winter Ice Hue in Bering Sea : 

Monia niacroschlsnia Dall. 

Panomya ampla DalK 

Pecten' n. sp.. tenipenUe ty!»e. 
Si>ecle8 now living north and south of the ice line: 

Barnacle, Balanus sp. 

Cardium, sp. undet. 

Hemlthyris pslttacea 'L. 

Macoma sabulosa Spengler. 

Pecten islandlcus MUIlcr. 

Veneriairdia alaskana Dull. 

Venerlcardia crassidena Brod. and Sby. 

Several of these forms, particularly Venerieardia eraamlens and 
Macoma sabulosa, do not appear in the longer list that follows. Mr. 
Dall says of these fossils : ^' The shells from Nome are most interest- 
ing. They are probably Pliocene, and show conclusively a milder 
climate than now prevails there — say, something like that of the 
Aleutians or north Japan." 

These fossils came from the lowest part of the tundra gravels. No 
fossils appear in the surface water-laid gravel, much of which is not 
marine, or if it was deposited by the sea has since been reworked by 
streams. 

Pieces of wood and walrus tusks have been found in the sands of 
the second beach and are much later than the gravel from which 
the shells above-mentioned were collected. 

Very much larger collections of shells were made from the tundra 
gravels by E. M. Kindle in 1908. Mr. Kindle also made collections 
of marine shells of forms now living along the coasts of Seward 
Peninsula, which are of interest because they show that about one- 

1 Most of the shells from Otter Creek were obtained through the kindness of Mr. J. J. V. 
Beaver, of Nome. 

' Dall, W. H., On climatic conditions at Nome, Alaska, during; the Pliocene, and on a 
new species of Pecten from the Nome gold-bearing gravels : Am. Jour. Sci., 4th ser., vol. 
23, pp. 457-468. 
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third of the fossil forms are those of living species. Lists of these col- 
lections are given below. Shells are rare on the Nome beach, and 
that locality is not represented in the lists, but all the shells, with one 
exception, were obtained within 150 miles of Nome. The deter- 
minations were made by Mr. Dall. 

Marine aJiells from the old beaches in the vicinity of Nome. 



BRACHIOPODA. 

HeniithyTJs psittaoea Omel. 
MagBMlia atouUca DaU 



CRUSTACEA. 

Balanua afl. crenatos Darwin . 
all. bameri Darwin 



MOLLUaCA. 

Astarte near striata Leach. 
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Bocciniun sp.. fragments 

Cartlium sp., Iragments 

ciliatum Fabr 

Chrysodomus n. sp., fragments. . . 

afl. lirata ICartyn 

sp. ind 

Cryplobranchian. sp 

Littorlna n. sp. afl. palliata Bay . . 

n. sp.Ty an. grancLis Midd 

Ifftiw"* middendorffli DaU 

rotundata Sby 

sp.f fragments. 

Moma macroschlsma Destaayes . . . 
Myasp.y fragments 

arenariaL 

truncataL 

Mytilos edulis L 

Panomya ampla Dall 

norvegica Spengler? 

sp., fragments 

New genus (allied to Panomya), 

fragments , 

Pecten swift 11 Bemhardi 

(Cba]mys> lioicus Dall 

Pecten? islandlcus Mttller 

Purpura n. sp. near crispata 

(Thais) sp., fragments 

cf. lima llartyn, fragments. . . 

Rictocyma n . sp 

Sazicava artica L 

rugosaL 

Serrlpes grOnlandicus 

Biliqua sp. afl. patula Dixon 

Spisula alaskana Dall 

TluUs n. sp. afl. lamellosus Omel. . . 

afl. lima Martyn, fragments... 

Trichotropis insignis Midd 

Venericardia alaskana Dall 
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Recent marine shells from Seward Peninsula and vicinity. 



BRACHIOPODA. 



Hemithyiis psittaoea Qmel 

lIOLLU.^A. 



X 
X 
X 
X 

X 



X 
X 



AcQuea tastudinaUs MlUler 

Admete oouthouylJay 

<%lisa borealis Beck 

AmouroDBto Burpum Dall 

Arctoacaia graniandlca Perry 

Astaite boreaUs Bchum 

Dear striata Leach 

remicoea Dall 

Belasp. indet 

IsvigataDall 

Bimpiex Midd 

Buodnum angulatum var. nomiale DaU 

aQgulatum var ^ 

polareOray 

sladalePh 

tenue Gray 

Balbns flavus Oould 

Canoatlarla middendorffli DaU 

Cardium oaUIomlense Desh 

dliatum Fabr 

Chrvsodomus fomicatos Gray 

lirataa var. 7 

BpitzberEensis Reeve 

DrQlJa kennlootti DaU 

Fnspira paUlda Brod 

Liomesus canaUculatum DaU 

ooidesMidd I x 

Uttorina grandis Midd 

Lunatia pallida Brod. and Sby I x 

Maooma carlottensLs Whiteaves X 

inconspicua Brod. and Sby | x 

Uargarites albula Gould X 

striata Brod. and Sby 

Hodiolaria leevigata Gray 
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Myaarenaria 

tnuicata L 

MytUuseduUsL 

Natica elaosa Brod. and 8by . 

Pecten islandicus MiUIer 

Purpura lima Martyn 

Baxicsva arctica L 

Serripes grdnlandlcus MilUer. 

Sillqua media Gray 

SolarieUa albula Gould 

dnerea Couth 

Spisula alaskana DaU 

lachyrbynchus polaris Beck. 

Tdltna altemidentata 

Thais Hmi^ Martyn 

Trichotropis arctica Midd. . . . 

Valvata mergeUa West 

Velutina vehitina MtUler .... 
Venerlcardla alaskana DaU . . 
Volutopsius attenuatus DaU. 
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Mr. Dall concludes from his study of the faunas from the buried 
beaches at Nome that the gravels of the so-called " submarine " 
beach are either Pliocene or upper Miocene, and that the remaining 
gravels, so far as their age is determined by the shells given in the 
lists, are undoubtedly Pliocene. The relative age of the "subma- 
rine," " intermediate," and " third " beaches is indicated by the 
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order in which they are named, the ^^ submarine ^' beach 
oldest 

The order of formation and relative age of the buried 
have been given in some detail by Smith/ from whom the foil 
is quoted : 

From the present evidence It would seem that the earliest event 
definitely in the history of the region is the formation of the " outer sub 
beach." What the condition of the region was prior to this incident 
Imown, but it is probable that the older coastal-plain deposits had 
formed and were eroded by the waves to form this beach. After the 
beach had progressed to a certain stage gradual depression with respect 
sea brought the shore line at the level of the " inner submarine beach.** 
amount of this depression must have been about 14 feet. Still later 
fsubsidence of about 42 feet brought sea levti to the elevation of the *^ 
mediate btech." The movement continued and the land sank with 
to the sea about 66 feet, so that the shore line was on the level of the ** 
t)each.'* After remaining for some time in this position further d^ 
took place, and the sea attacked the schist and limestone bluffs whie 





FiGVBB 6. — Diagrammatic cross section showing beaches near Nome. 

12 times horizontal. 



Vertical scale 



steeply about half a mile north of the "third beoch." While each of 
beaches was being formed by the sea, deposition was taking place on the 
tioor, and sands and gravels brought down by the rivers and worn from 
cliffs by the waves were covering the earlier beaches, thus producing a 
face such as the sea floor of the present day might show if it could be 
a mined. 

After the shore line had taken a position landward of the ** third beach 
change in the progressive depression of the land took place, and uplift 
The result of the uplift wns to cause more and more land to emerge 
beneath the sea. The uplift seems to have gone on at first without any ini 
rnption, for there are no signs of long halts and the accompanying formatl< 
of beaches on the surface of the coastal plain. At length, however, when 
shore line was some distance south of the ** second beach/* a period of relatii 
stability ensued, and the sea gradually cut back into the coastal-plain grnvt 
until a cliff, in placer nearly 75 feet high, towered above the beach. Thil 
feature can be most plainly seen in the vicinity of Rocker and Martin gulchesj; 
a little east of Nome. When this stage of cutting had been reached an uplift* 
of about 38 feet brought the shore line to a short distance seawnrd of its 
present position, and then, in a period of stability, the sen renewed its cutting 
on the shore and formed the low cliff which rises from the present beach. 



* Smith. P. S., Recent developments in southern Seward Peninsula : Bull. U. S. Geol. 
Survey No. 379, 1900, pp. 277-279. 
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According to this interpretation the recognizable portion of the history of the 
coastal plain shows an earlier series of depressions amounting to between 
lOO and 200 feet, followed by an uplift of about 84 feet less. That there were 
oBclUations in these movements can not be doubted, but that the sum of the 
cbanges of level was of the character noted seems obvioua The absence of 
all surface topographic forms characteristic of beaches, save In connection 
1^1 tb the present, the ''second/' and the most inland beaches, seems to indi- 
cate conclusively that these three were the last ones formed and have not been 
subjected to marine erosion since their formation. Furthermore, the condi- 
tion and character of the fossils already dmK:ribed would seem to substantiate 
tliia conclusion. 

SILT. 

One of the most widespread of the surficial deposits is the cover- 
ing of "muck" or silt present throughout the whole of Seward 
Peninsula and in many other parts of Alaska as well. It is present 
everywhere on the Nome tundra and on all the gentle lower hill 
slopes and the valley floors, though it is not usually found on the 
flood plains of the streams. In consists of finely divided rock 
particles, much finer than ordinary sand, with more or less vegetable 
matter, and its color is black or bluish gray. There is scarcely any 
coarse material in it. Its thickness ranges from a few inches to 15 
feet or more. It is frozen and is covered by low vegetation, which 
is a poor conductor of heat and protects it from thawing. When the 
vegetation is removed the "muck" becomes a thin mud and flows 
readily. This fact accounts for the origin and growth of many of 
the small ponds scattered over the Nome tundra. 

In some parts of Seward Peninsula thin lenses and veins of ice 
give some of the muck a brecciated appearance. Larger beds of ice 
occur in the muck, but the ice beds of greatest thickness are found 
below the muck and overlying the gravel. These thick ice beds 
are not everywhere present and are most likely to be found along 
the streams. The blanket of vegetation above protects the muck 
and ice and the gravel deposits from sun and rain and keeps them 
always frozen. When the gravels are uncovered they thaw, but 
whether the deep gravels would thaw to the bottom is an unanswered 
though highly important question. 

Concerning the origin of the muck and the manner in which the 
ice beds formed there is some difference of opinion. Brooks,^ in a 
recent description of the hill slopes of the Dahl Creek region on 
Kaugarok River, states the " muck " to be " a subaerial accumulation 
due in part to the decay of vegetable matter, in part to the deposi- 
tion of silts during the rainy season." This idea was not put for- 
ward as a general explanation of all the silts, though it may be said 
. ' 

1 Brooks, A. H.. The Koagarok region : Bull. U. 8. Qeol. Surrey No. 814, 1907, p. 198. 
TSTTS*— Bull. 583—13 i 
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that they contain much vegetable matter and are most highly de- 
veloped on the lowlands, as would be the case if they were made up 
of the finer material from the weathering of the hills above them. 
Against this hypothesis may be urged the fact that some of the silts 
occur at long distances from the hills and in places where it is 
difficult to see how they could accumulate under present conditions. 
Such accumulations are the low cliffs along the beach, where the 
frozen silts have a thickness of 8 or 10 feet in places. The silts are 
not derived by decomposition from the gravels under them, for the 
line between the two is always sharply drawn and the silt is fresh 
and angular, containing little or no coarse material. 

Another and more widely applicable explanation of the silts is 
that they accumulated under water, either in the sea during a period 
of land subsidence or possibly in fresh water. Subsidence of the 
land in recent time is shown in many part^ of the peninsula by 
abundant evidence, some of which is given in the discussion of the 
coastal-plain gravels. It is not improbable that part- or all of the 
silt in some regions, such as the Kuzitrin lowland above the mouth 
of Kougarok River, could have accumulated in fresh water, but its 
distribution is too widespread to be accounted for entirely by causes 
of so local a nature. 

The character of the material suggests that part of it at least may 
be the fine rock flour ground up by glaciers, yet here again its wide- 
spread distribution seems to raise an objection to this theory of 
its origin, for there is no evidence at hand to show the existence of 
glaciers of sufficient extent to account for all the deposits of this 
kind on Seward Peninsula, perhaps not even for those of the area 
here discussed. 

In places on Seward Peninsula portions of trees and bones of ani- 
mals are embedded in the silt. These bones inchide teeth of a horse, 
probably Equus compUcatu^^ and teeth and tusks of a mammoth 
{Elephas privdgenim). The trunks, bark, branches, and cones of 
spruce trees repi*e,sent the only species of wood known to be present.^ 
The condition of the logs is such as to suggest that they are drift- 
wood accumulations, much like those seen on the Nome beach when 
the region was first visited and still remaining in a few places. There 
are objections, however, to the view that the silts are of marine 
origin. It is difficult to see how, if they were exposed to the force 
of waves, they could remain on such slopes as the coastal plain while 
that plain was gradually emerging from the sea. A stream of water 
cuts through them as it would through ice, and where exposed on 
the hillside by removal of the vegetation they rapidly wear away. 
The organic matter present is another objection, for it is so widely 

1 Collier, A. J., A reoonnalssance in northwestern Semrd Peninsula, Alaska : Prof. 
Paper U. 8. Oeol. Surrey No. 2, 1002, p. 27. 
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distributed that apparently it must have been incorporated with the 
silts originally. It seems improbable that such an amount of or- 
ganic matter would be found in marine sediments of this nature, 
unless they were deposited in protected and possibly shallow waters. 
Doubtless the silts have been modified in places by stream action, 
but to what extent is not known. Erosion and redeposition would 
account for some of the variability in thickness and also for the fact 
that the silts are not found on the tops or high on the slopes of hills. 
It api)ears probable that these silt deposits are not due to any 
single cause and that each of the methods of deposition that have 
been mentioned may be represented by examples on Seward Peninsula 
or even in the smaller area of the Nome region. The hypothesis of 
subaerial accumulation due to the settling of wind-blown particles 
offers an explanation that is more in accord with the conditions in 
many localities than either of the other two, but it is evident that if 
the climatic conditions of the more recent past were similar to those 
of the present accumulation by this method must have gone on very 
slowly. For many parts of Seward Peninsula glaciation as an ex- 
planation for the origin of the silts is not satisfactory in view of 
present knowledge of the extent of glaciation on the peninsula, for 
the distribution of the silts is far wider than that of the ice, so far 
as has yet been shown. 

GLACIAL DEPOSITS. 

Debris transported by glacial ice is finally deposited at the end 
or sides of the glacier, or is left on its bed when the ice disappears. 
Part of this debris is carried way and deposited by streams flowing 
from the glacier, or is laid down in glacial lakes or ponds. A second 
part is not transported or sorted by water, but is laid down in con- 
fused masses as morainic material 

Such accumulations are present in nearly all the valleys of streams 
of the Kigluaik Mountains shown on the map, but more especially 
in the larger ones, such as those of Windy Creek, Sinuk River, and 
Grand Central River, also at the head of Nome River and in Salmon 
Lake valley. A terminal moraine consisting of immense blocks of 
granite and schist crosses the valley of Windy Creek just below 
the small lake represented near the northern margin of the Grand 
Central map (PL IV, in pocket). Another moraine extends out 
from Thompson Creek and forms a low barrier halfway across the 
Grand Central River valley. A small moraine is seen on Fox Creek, 
north of Salmon Lake. Mounds of morainic debris occur at the head 
of Nome River and on the divide between Nome River and Salmon 
Lake. The most abundant of the glacial deposits, however, consist 
of blocks and bowlders scattered over the valley floors within the 
Kigluaik Mountains. They do not generally form conspicuous 
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mounds or ridges, but are strewn about in many places just as tfaey 
were left by the disappearing ice. 

Erratic bowlders are found in the valley of Nome River and are 
distributed generally over the tundra, but whether or not these were 
left by glacial ice is difficult to decide. The better knowledge of 
the deposits of the Nome tundra that has come with the development 
of the gold placers leads to the belief that glaciation was more ex- 
tensive in this region than was for a long time supposed. Smoothed 
and striated bowlders are abundant in the gravel accumulations of 
the coastal plain, and, as has already b^n pointed out, the fine rock 
flour from the glaciers may be one of the sources for the material 
of the silt deposits. There is still little reason to question the con- 
clusion of earlier workers that Seward Peninsula has not been sub- 
jected to regional glaciation. All observers have been impressed 
by the peculiar monument-like residual rock masses (PL IX, B) re- 
sulting frcHn weathering that are seen on the tops of certain hills, 
and have argued that these hills could never have been covered by 
a sheet of moving ice unless the monuments were formed since the 
ice retreated. It is nevertheless highly probable that the valleys 
of Nome and Snake rivers have been occupied by ice that moved 
down almost, if not quite, to the coast. Possibly the lower moun- 
tains between the coast and the Kigluaik Mountains have been cen- 
ters of accumulation, although the forms of the valleys, except tbat 
of Christian Creek, do not lend much support to this idea. Tbe 
Kigluaik Mountains, however, were an important center of ice accu- 
mulation, and without question contributed ice to the valleys of 
Nome and Stewart rivers. Granite bowlders from the Kigluaik 
Mountains are abundant on the south side of Stewart River up to 
an elevation of nearly 900 feet above the sea, but the ice must have 
reached higher on the valley wall than this, for the bowlders were 
carried from Bowlder Creek to Grouse Creek over a divide whose 
present elevation is 1,041 feet. A rounded granite bowlder was found 
on the west side of Mount Distin at a still greater elevation, so it 
is evident that the ice could have moved readily from the Stewart 
River valley to the head of Snake River, for the divide between these 
streams is only 633 feet above the sea. There are many granite 
bowlders in Grub Gulch, but a large part of the morainal debris in 
this gulch came over the saddle between it and Trout Creek. The 
numerous granite bowlders at the heads of Dexter and Anvil creeks 
are believed to owe their presence there, in part at least, to the same 
means of transportation. The Nome River valley must have offered 
a more favorable channel for ice movement from the north than any- 
other valley within the Nome and Grand Central quadrangles and 
was probably occupied by an ice stream of considerable size. 
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ICE BEDS. 

Beds of clear ice occur very commonly with the gravel deposits 
of the streams and the Nome tundra. The ice beds are associated 
more closely with the silt deposits than with the underlying gravels, 
although most of the gravels are frozen. Most of the ice beds are 
either in the silt or between the silt and the underlying gravel. 
Veins of ice in some places cut across the silt beds, and in general 
ice forms a considerable proportion of the silt deposits. 

loe beds, where associated with stream gravels, are found along 
the lower valley slopes between the hills and stream channels. They 
are always overlain by a protective covering of some kind, either 
silt or moss, and consequently are not present on the flood plains of 
the streams. In some localities they are absent altogether, and in 
others they readi a thickness of several feet. Beds of ice from 12 
to 15 feet thick are not unusual along the streams in the Kotzebue 
Sound region. 

The distribution of ice beds in the coastal plain about Nome is 
irregular and depends on conditions that are not understood. The 
beds do not differ in appearance or position frcMU those of the stream 
valleys and probably were formed in much the same way. As a rule 
they are almost free from silt or gravel, although the exposed faces 
do not appear so, being covered by thin mud from the thawing silts 
above. 

#biic«ming the formation of the ice beds of this region and of 
Alaska in general there is great difference of opinion, and it is evi- 
dent that the last word on the subject has not been said. Two 
methods of origin have been given for such beds as are found 
along the streams in the Ncxne region — (1) that they are accumula- 
tions of winter snow, which were covered by gravel or silt and 
vegetation and thus preserved from the warmer weather of summer, 
or (2) that they were formed in place along planes of porosity 
within or under the silts after the silts were laid down. The burial 
of ice under a thin covering of gravel by spring floods is a common 
occurrence on streams of the Nome region. On such of these streams 
as have wide flood plains and low gradients broad sheets of ice and 
snow accumulate, some of which even if unprotected last into the 
summer. Many such ice sheets, however, or portions of them, are 
covered during the floods of early spring by a few inches of sand 
or fine gravel, and when thus protected, especially if so situated 
that the stream does not reach them, they may last throughout the 
summer. Such gravel-covered ice masses are seen in Plate IX, A. 
The second view concerning the origin of the ice beds has been pre- 



ready for bCIII greater growtb. 

A third method by which ice beds or " glaciers," as they are locally 
named, might be formed, is mentioned by Maddren.^ 

An bjrpotheals to explain tbe occurrence of Ice Bheets under a mantle of uom 
under fwme of tbe clrcum stances where It Is met with, especially on sloiilng 
surfaces such as Tyrrell describee for tbe Klondike region end wblcb are com- 
mon elsewbere In Alaska, is similar to a siiggestiuci made by Lieut. Belcher. 

The water slnlcs tbrougb the moas blanket from the surface and also seeps 
iiiidenieiith It from higher levels. This tends to lift the living moss with its 
fhiMved nnderlylnsr layer of vesetable bumus or peat, flonting II In ii state of 
senilbuoyancy above tbe frozen substratum of allin'liim or |)ent. so the Ice mny 
accumulate season after season, as long as • • • equilibrium Jial nialn- 
latned between tbe iinuuully tbiiweil i>ea(y su|>er8trutnui and the constantly 
frozen HUbstnitiim. 

There can be no question that veins of ice such as are seen cutting 
the silts in many places were formed after the silts were laid down, 
so there seems to be no serious objection to supposing that at least 
some of the ice beds could have been formed in this way. 

■Tyrrell. J. B.. CryBtoBpbcnpn or burled nhn^ii of lor In thp tundrn of Norlh Amprloa ; 
Jour. Gpologjf. Tol. IS. ia04, p. ■JSH, 

■ MKddren, A. Q., SmitliHoiiUn ^iplorntion In Atniitu In 1904. in M-arcli of mammatli uid 
otbft foRHll rpDulna : Smitbunl&n Mlac. Coll., vol. 4K, pp. 44-46. 
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The structure of the Kiglunik group 
within the Area mapped is apparently far 
simpler Uian that of the Nome group. 
Within the Grand Central quadrangle all 
the members of the Kig^uaik group have 
a comparatively low and fairly uniform 
dip. in most places not over 30° or 35°, to- 
ward the southeastor south-southeast. (See 
fig. 6.) The strike of the beds does not 
vary greatly. Folding is not general, so 
that reversals of the dip are uncommon and 
only local; where northwesterly dips occur 
the beds stand at high angles. 

By far the greater part of the igneous in- 
trusions conform to the bedding and cleav- 
age of the schists, even the large granite 
mass in the northwestern part of the area 
following this general rule. The thin lime- 
stone bed which overlies it in the Windy 
Creek valley can be traced for 2 miles along 
the contact. There is little evidence of 
faulting, and the upper part of the series, 
appears to be decidedly less disturbed than 
many portions of the Nome gi-oiip on the 
south. The lower part of the Kigluaik 
group,however,whichdoes not arciirwithin 
the area mapped, has been subjected to 
strong movements and is greatly folded, 
but even here the distortion has taken place 
within the gneis.ses themselves and does not 
appear in any marked degree in the larger 
structures of the overlying limestone. 

The nature of the relation between the 
Kigluaik and Nome groups is in doubt, at 
least so far aK the evidencewithinthe Grand 
Central area is concerned, because there is 
uncertainty as to where the dividing line 
between the two should be placed. As has 
been explained, the Iwundary between the 
two has been drawn on the map so as to in- 
clude the biotite-staurolite schists in the 
Kigluaik group; and if this iw correct, the 
field evidence is thought to point toward a 
relation of conformity rather than one of 
unconformity. 



56 NOME AND GRAND CENTRAL QUADRANGLES, ALASKA. . 

The rocks of the Neme group, more especially the schists, do not 
present such marked diversity of character or such distinct evi- 
dences of bedding as are seen in miuiy unmetamorphosed sediments 
or in those that are made up of thin beds. Limestones give the best 
clue to the structure, but even these, on account of their irregularity 
in distribution and thickness, their interruption along the strike, 
and their different degrees of alteration or variation in composition, 
do not furnish sufficient evidence for a solution of many of the 
problems involved. The difficulties are still further increased by 
the greenstone intrusions, which, where much metamorphosed, may 
be confounded with beds of sedimentary origin. Careful field study 
has led to the conclusion that in general the planes of bedding coin- 
cide with the cleavage. This relation does not hold true everywhere, 
particularly in small close folds, but the exceptions are not apt to 
lead to misinterpretation of the structure, except in the more massive 
and highly altered limestone beds. Yet even in these the cleavage 
commonly agrees with the larger features of bedding. Horizontal' 
cleavage is not uncommon, and cleavage and bedding of low dip— 
16° to 20° — are the rule rather than the exception. 

When the strikes and dips of the various rocks of the Nome group 
are compared three principal features of the structure are brought 
out. Throughout a narrow belt from 5 to 6 miles wide bordering 
the Kigluaik group the strike of the Nome strata is in the main that 
of the Kigluaik strata — ^about east-northeast — ^and the dip is to the 
south-southeast. The limestone and schist beds forming the south 
flanks of the Anvil and Newton Peak masses have a west-northwest 
direction nearly parallel with the coast line and dip toward the 
north. Throughout the rest of the Nome and Grand Central quad- 
rangles the main structural features have a nearly north-south 
trend — ^slightly west of north in the region west of Nome River, 
north or slightly east of north in much of the region east of Nome 
River. In a broad way this central part of the area under consid- 
eration is characterized by comparatively open folding, but this 
apparent simplicity of structure is not confirmed when the beds are 
examined in detail, for closely compressed minor folds are seen in 
many places. The three features just named suggest that the por- 
tion of the Nome group represented on the geologic maps has in 
general a shallow basinlike structure, the beds dipping at compara- 
tively low angles from the north, west, and south sides toward the 
central part of the area, the fourth side necessary to complete the 
basin lying beyond the eastern limit of the quadrangles. 

Reference has been made in the outline of the geology to evidences 
of two periods of folding that have affected the rocks of the Nome 
group. These evidences consist in the main of two sets of folds that 
have axes almost at right angles to each other, the one running 
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north and south and the other east and west. A good example of 
these folds is seen in the limestone of Newton Peak east of Dry Creek. 
The limestone beds exposed on the south side of Newton Peak strike 
east and west and dip north, but when favorable exposures are 
examined carefully it is found that in many places the rock has been 
thrown into close minor folds whose axes pitch north and thus lie 
parallel to the principal dip of the limestone. These minor folds 
are subordinate, however, to the larger structural features, the prin- 
cipal difference between the two systems as they are seen in this 
region being that the folds with east- west axes are broad and open, 
whereas those with north-south axes are intensely compressed and in 
many places are so small as to be easily distinguished in a small out- 
crop. Such examples of the two systems of folds as that seen in the 
limestone of Newton Peak are found in the schists also and in places 
show the structure even better than at the locality mentioned. It is 
conceivable that the forces that produced the folds acted simultane- 
ously, but it is believed that the east-west folds are connected with 
one of the later disturbances that affected the area, probably the in- 
trusion and uplift of the Kigluaik Mountains, and that they were 
superposed on the folds of an earlier movement. One of the best 
evidences of this is that the axes of the minor north-south folds 
pitch in directions parallel to the dip of the east-west folds, a fact 
which seems to indicate that the north-south folds were produced 
first. A remarkable peculiarity of the north-south folds is that they 
were seen only in rocks of the Nome group and were not observed in 
the Tigaraha schist of the Kigluaik group, in which, if they ever 
existed, they must have been entirely destroyed by later metamor- 
phism. 

Another feature that should be mentioned is that changes from the 
original condition of the sediments have not taken place uniformly 
throughout tRe region. All the rocks have undergone alteration and 
all are more or less folded, yet neither the degree of metamorphism 
as expressed by changes in mineral composition of the rock nor the 
deformation of the beds (folding) is the same in all parts of the area. 
These differences may be due in part to differences in the original 
characteristics of the rocks, which led to diverse results when alter- 
ation took place. It is probable, however, that they are due in larger 
part to differences in intensity or in character of the forces that pro- 
duced the changes. The effects of igneous intrusions are more local- 
ized than the changes brought about by mountain-forming move- 
ments, and both these agencies have been active in this area. 
^The rocks of the Nome group were last deformed under compara- 
tively small load — ^that is, they were subjected to deforming forces 
while at a slight distance below the surface. The effect of this was 
that they accommodated themselves to the deformation, not by a re- 
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arrangement of material within the mass but by rupture and dis- 
placement, so that we now find them cut by numerous joints and fault 
planes. Most of this movement took place after the rocks had already 
reached an advanced stage of metamorphism and after the principal 
period of vein formation had been passed. 

Displacements and jointing of this kind are perhaps most notice- 
able in limestone areas. Massive limestone beds show it especially. 
In many places the rock has the appearance of having been crushed. 
In one place the blocks have undergone little or no movement on one 
another; elsewhere they are distinctly faulted. Faulting has taken 
place in considerable degree throughout the Nome group, yet no 
general system of faulting was made out. Except in the small faults 
in which the displacement may be seen, it is rarely possible to tell how 
great the movement was. This is due to the absence of reference 
beds, which makes it difficult to correlate outcrops in one locality with 
those in another. 

It was stated at the beginning of this section that the relation 
between the Kigluaik and Nome groups is somewhat in doubt, but 
that it appears to be one of conformity, although the possibility of an 
unconformable relation is admitted. One of the difficulties attend- 
ing the supposition of conformity is that there seems to be too little 
space between the limestone south of Salmon Lake and the Tigaraha 
schist on the north to give room for any such thickness of schist as 
underlies the limestone of Mount Distin. The solution of this diffi- 
culty may be that faulting has taken place along the east-west valley 
south of the Kigluaik Mountains, giving rise to a displacement 
within the Nome group, or that there is an unconformity below the 
limestone that brings about the same result. Both these possibilities 
were recognized in the field, and evidence to support one or the other 
was sought without success. 

Smith * has presented evidence for unconformity at the base of the 
Sowik limestone in the Solomon and Casadepaga region. The Sowik 
limestone extends north-northwest from Solomon River near the 
mouth of Big Hurrah Creek to Kruzgamepa or Pilgrim River, where 
it turns abruptly to the west along the south side of the Kruzgamepa 
Valley. Extensive faulting has obscured the relations of this lime- 
stone to the limestone south of Salmon Lake, but the field relations 
suggest their equivalence. If this proves to be the case, there should 
be, at the base of the limestone in the Nome region also, an uncon- 
formity which has not yet been recognized. It is hardly conceivable 
that sedimentary formations having so great a range in age as those 
of Seward Peninsula could have been deposited without repeated 
interruptions and periods of erosion, and it seems certain that if the 

^ Bmltb, P. S., Geoiogj and mineral resources of the Solomon and Casadepaga quid- 
rangles, Seward Peninsula. Alaska: Bull. U. S. Geol. Survey No. 483, 1010, p. 55. 
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geology were worked out in detail over the whole area unconformi- 
ties in deposition might be discovered of which we now have no 
knowledge. 

HISTORICAL OEOLOOT. 

The great age of nearly all the rocks of Seward Peninsula, the 
lack of fossil material in most places, and the exceedingly compli- 
cated structure produced by the deformation that the rocks have un- 
dergone have made it impossible so far to gain satisfactory knowl- 
edge of the geologic history of the region. It is possible, however, 
from the character of the sediments, the relative position of different 
formations so far as they are known, and the presence of intruded 
rocks in the sedimentary beds, to form an idea of the order in which 
some of the important geologic events took place, even if they can 
not be assigned to a definite place in the time scale. 

It is believed that the first period of sedimentation of which a 
record remains in the Nome region is that during which the massive 
limestone in the lower part of the Kigluaik group was laid down. 
This limestone rests on gneiss, which is most intricately folded and 
probably is the floor on which the limestone wars deposited, al- 
though it is not certain that the gneiss may not be a greatly altered 
igneous mass intruded into the limestone. It has already been stated 
in discussing the age of the Kigluaik group that there is reason for 
thinking that the massive limestone of Mount Osborn is one of the 
oldest sedimentary formations of Seward Peninsula, and that it 
probably was deposited early in Paleozoic time. 

A change in the character of the material deposited by the ancient 
sea brought about the formation of the argillaceous and quartzitic 
beds of the Tigaraha schist, which constitutes the upper formation of 
the Kigluaik group. These schists were intruded by great masses 
of granitic rock and by sills and dikes of more basic composition. 
The intrusions took place in several different periods of time, as is 
shown by their relation to one another and by the different degrees 
of alteration they have undergone. It is not known that the Kigluaik 
group was deformed before the sediments of the Nome group were 
deposited, but there is some reason for believing that it was. 

Possibly the Kigluaik rocks were folded and elevated above sea 
level, so that they underwent erosion before the Nome sediments were 
laid down upon them, but the resulting unconformity, if it exists, is 
either not prominent or has been obscured by later deformation af- 
fecting both the Kigluaik and Nome groups. Whatever the relation 
may be, it is believed that the deposition of the Kigluaik sediments 
was followed by that of the schists and limestones of the Nome 
group. These deposits were laid down in Paleozoic time and pos- 
sibly in two or more periods of deposition separated by intervals of 
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erosion, but of this no definite proof has been found within the ftrea 
under consideration. Into them were intruded igneous rocks, for the 
most part dikes or sills of granite and diabase. The available evi- 
dence indicates only approximately the time when these intrusions 
occurred, but as in many places the diabases are entirely recrystal- 
lized it is probable that they are not younger than Mesozoic and 
perhaps are older. There is just as great uncertainty in regard to 
the granite intrusions, for it is not evident whether they are to be 
correlated with some of the granite intrusions of the Kigluaik Moun- 
tains or are more recent. 

After the sediments of the Nome group had been invaded by the 
basic igneous rocks, or perhaps while these intrusions were in 
progress, there began the most profound and widespread movement 
that is known to have affected Seward Peninsula. By it the rocks 
were folded and given their north-south structural lines and in large 
measure their cleavage. This folding was accompanied by the depo- 
sition of quartz in veins. The greenstone intrusion and the move- 
ment that folded the dikes and sills began in post-Silurian, possibly 
post-Carboniferous time, and although it may have been interrupted 
during long intervals, was not ended till after the coal deposits and 
associated beds in the eastern part of the peninsula had been laid 
down unconformably on the older rocks and folded together with 
them.* The time when these younger sediments were deposited is 
not definitely known, but they are believed to belong in the upper 
part of the Cretaceous or possibly in the lower part of the Tertiary. 
Another dynamic disturbance then began, which gave rise to an 
uplift along the axis of the Kigluaik and Bendeleben mountains. It 
was accompanied by granitic and pegmatitic intrusions, possibly also 
by the deposition of quartz veins in portions of the schists of the 
Nome group. The relation of the quartz veins to the pegmatitic 
intrusions, however, has not been definitely established. 

Movements of considerable magnitude continued after the granite 
was intruded and their effects are seen in both groups of metamorphic 
rocks. These disturbances must have taken place throughout a long 
period of time, for they have produced a schistose structure in some 
of the granite and have caused widespread faulting and fracturing 
throughout the Nome group at a time when the rocks were, it is 
believed, at or near the surface. 

The events so far related may be considered as belonging to the 
ancient geologic history of Seward Peninsula, and they bring us to 
the time when the present topographic features began to take their 
form. These events were scattered through an immense range of 
time extending from earliest Paleozoic to the beginning of the Ter- 

^ Mofflt, F. H., The Fairhaven 8:old placers, Seward Peninsula, Alaska : Bull. U. S. 
Geol. Survey No. 247, 1905, p. 25. 
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tiary, a period vastly greater than has elapsed since then. The 
records they have left are difficult to interpret, partly because the 
evidence of many important events is destroyed or undiscovered and 
partly from failure to understand the full meaning of the records 
that persist and are known. 

At the time when these earlier events were brought to a close Sew- 
ard Peninsula was an elevated land mass, on which streams had 
already begun to carve their valleys. There is reason to believe that 
this land mass had undergone long-continued erosion, during which • 
whatever rugged features it may have had were removed and its 
inequalities of elevation were largely reduced. The evidence for this 
in the Nome region consists in a general accordance of summit levels 
to a plane sloping gently from the Kigluaik Mountains to the sea. 

This land mass was attacked both by streams and by the sea. The 
rivers deepened and broadened their valleys and carried away the 
sands and gra\el they produced to be scattered over the bottom of 
the ocean. At the same time the sea was cutting away the cliffs 
along the coast line and helping to form the rock floor extending back 
to the foot of the hills 4 miles from the present beach at Nome, on 
which the coastal-plain gravels were laid down. Changes in the ele- 
vation of the land relative to the sea took place. During the forma- 
tion of the coastal-plain deposits there was a gradual subsidence, 
which carried the shore line considerably landward of the third 
beach and must have allowed the sea to enter the lower valleys of 
Snake and Nome rivers. The amount of this subsidence is uncer- 
tain, but it could hardly have been less than 300 or 400 feet. It was 
followed by a reelevation of the land and a retreat of the shore line 
to its present position. These movements were interrupted at times 
and may perhaps have been temporarily reversed, giving way to in- 
tervals of relative stability in which the buried beaches of the coastal 
plain were formed. 

The oldest of the coastal-plain gravels give evidence by the fossils 
they contain of a climate milder than that now prevailing. (See p. 
45.) This climate, however, did not continue throughout the time 
in which the coastal-plain deposits were accumulating, for the later 
deposits afford proof of glacial conditions existing in the mountains 
on the north. It therefore appears that a climatic change had taken 
place which brought about the accumulation of snow and the for- 
mation of ice streams that moved down the valleys from the inte- 
rior highlands toward the coast. Accumulation was greatest in the 
high mountains of the Kigluaik region, where the ice remained long 
after it had deserted the lower valleys and where remnants of the 
former more extensive glaciers remain to the present day. It is in 
the Kigluaik Mountains that glaciation left its marks most conspicu- 
ously OP th^ topography. All the usual evideiice$ o{ ipouAtain glacia? 
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tion are found there — cirques, hanging valleys, U-shaped troughs, 
over-steepened slopes, glacial striae, rock-basin lakes, and moraines. 
'See Pis. X and XI.) An excellent example of a rock-basin lake is 
found in the extreme northwest corner of the Grand Central quad- 
rangle. (See PI. VI, Zf, p. 14.) It lies in the cirque basin bounded 
on the south and west by granite walls that rise almost perpendicu- 
larly more than 1,000 feet. The open side is choked by morainic 
debris, but the lake occupies a true rock basin. Other examples 
• might be named. The little basin represented in Plate XII, B^ was 
once occupied by a lake, now almost destroyed by the cutting of a 
channel through the rock rim. To illustrate other glacial features, 
it may be said that nearly all the tributarias of Grand Central River 
flow in hanging valleys. Windy Creek and the upper parts of Sinuk 
and Grand Central rivers occupy typical glaciated U-shaped valleys. 
Furthermore, the valleys of these three streams contain the largest 
morainic deposits of the region, but such deposits are recognized 
in other valleys also, as those of Fox and Thompson creeks and 
Gold Run. Examples of modified drainage are numerous. Deposi- 
tior of morainic material has had an important effect on the drain- 
age in many places by damming the streams and producing lakes. 
Salmon Lake and the two small lakes on Windy Creek and Sinuk 
River were formed in this way. Over-steepened valley slopes are a 
common feature of all the larger streams within the high-mountain 
area. Glacial grooves and striae, however, are not seen so frequently 
as the other features noted, because the rock surface, where not cov- 
ered by gravel and other loose material, is rapidly broken down by 
frost and the surface markings are thus destroyed. 

In that part of the Grand Central quadrangle south of the Salmon 
Lake and Sinuk River valley and in the Nome quadrangle the evi- 
dences of glaciation are less conspicuous yet no less conclusive than 
in the Kigluaik Mountains. This condition arises from two causes. 
In the first pkce^ all the evidence so far collected indicates that glaci- 
ation was less severe, and in the second place, the ice deserted the val- 
leys of this area long before it ceased to accumulate and began to melt 
away in the high mountains. There is evidence that ice masses origi- 
nated in this southern area also. Christian Creek heads in a small 
lake in a cirque basin once occupied by a small glacier. Such exam- 
ples are not numerous, however, and there is no doubt that the prin- 
cipal source of ice supply was toward the north. The ice moved 
southward from the Kigluaik Mountains through the valleys of Silver 
and Slate creeks into the valley of Stewart River and thence also to 
the heads of Goldbottom and Grouse creeks, although the principal 
movement of ice in the Stewart River valley was westward. In the 
upper part of this valley the ice must have maintained a fairly con- 
stant height at about the 800-foot contour for a considerable time, as 
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is shown by the many granite bowlders brought from the Kigluaik 
area and laid down at this level on the mountain slopes. It is shown 
also by minor topographic features. One such feature is an aban- 
doned stream channel on the north slope of Mount Distin. (See PI. 
XII, A.) This channel crosses the axis of the ridge almost ^t right 
angles and was formed by a stream that flowed westward along the 
edge of the ice at the time when the deposits of granite bowlders just 
mentioned were laid down. 

Another great ice stream flowed out through the (irand Central 
valley. This glacier probably discharged part of its ice into the head 
of the Nome River valley, although the greater part moved eastward. 
It originated on the east side of Mount Osboni and appeal's to have 
been the largest glacier within the area considered. It fonned exten- 
sive morainal deposits in the valley below Salmon Lake and thus gave 
rise to the lake itself, as already noted. 

A long glacier moved down the valley of Nome River. It prob- 
ably received most of its ice from the Kigluaik Mountains, but doubt- 
less acquired further material from small glaciers along its course. 
This glacier discharged some of its ice into the head of the Stewart 
River valley and probably spilled over also into the Flambeau and 
Snake valleys, for erratic granite bowlders are numerous on the 
divide between Darling and La Spray creeks and in Grub Gulch. 
It is difficult to determine whether the Nome River glacier extended 
to the sea. There is no question that part of the coastal-plain deposits 
contain glacial material, and it seems certain that some of this mate- 
rial was derived from the Kigluaik Mountains. The glaciated lime- 
stone and schist bowlders could be of local origin, but this is not true 
of the granite. Cape Nome is the nearest source of granite material, 
and although floating ice might be able to distribute granite bowlders 
from this source over the coastal plain, it would not be capable of 
placing the granite in the Nome and Snake River valleys. Possibly 
glacial ice and stream currents together are the cau?>es accounting for 
the distribution of granite fragments in the Nome coastal plain. 
There is no evidence at hand suggesting that Seward Peninsula has 
been subjected to regional glaciation. 

So far as present knowledge goes, the belief seems to be warranted 
that glaciation began after the first of the coastal-plain gravels were 
laid down, that it reached its maximum long ago, and tliat it has only 
recently been ended. Thus there have been at least two changes in 
the conditions that control glaciation, the first allowing ice to accumu- 
late and the second causing it to disappear. During this time there 
were at least two principal changes in elevation of the land. Depres- 
sion carried the shore line back to the slopes of Anvil Peak and 
the elevation that succeeded this depression advanced the shore line to 
its present position. 
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Such changes are trivial in comparison with the long line] 
unknown events that must have taken place during the earlier 
logic history of this region. We recognize them because they 
recent, the evidence of them having not yet been destroyed, but] 
should not fail to remember that they are only a very small pi 
the story. Yet these changes are of great importance in one 
for they are closely connected with tiie processes that have 
Nome important as a placer-mining district. 

ECONOMIC OEOIiOOT. 

IKTBOPXTCTXOK. 

Nome and the region adjacent to it gained economic impo 
because of their placer-gold deposits. No valuable minerals 
gold have yet been mined there in a commercial way, imd no 
source of gold than the gravels of the streams and benches and 
ancient beaches has contributed materially to the great quantit 
precious metal that made the name of Nome familiar. Probi 
Nome will always be thought of as a placer region, for even if 
portant lodes of gold or other metals should be developed the 
the future the vast quantity of auriferous gravels will be produ 
as long as improvements in methods of mining keep pace with 
demand for gold ; or, to state the matter in a different way, the 
of Nome as a gold-placer camp will depend on success in keepii 
the cost of mining below the recoverable gold content of the gra 
rather than on the quantity of gravels to be exploited.^ This st 
ment is not made to raise doubt concerning the possibilities of lo 
mining in this district, but rather to emphasize the importance 
Nome's placer-gold resources. 

The gold production of Seward Peninsula from 1897 to 1911 
given in the following table and is represented graphically in figure 

Gold and silver production of Seward Penirusula from 1897 to 1911, 



Year. 



1897 
1808 
1890 
1000 
1001 
1902 
1003 
1004 
1005 
1006 
1907 
1006 
1000 
1010 
1011 



Oold. 



Quantity. 



Fine 



ounce». 
T25 
3,828 
135, 4S5 
220,700 
100,831 
220,686 
216,032 
201,470 
232,209 
362,827 
338,639 
247,600 
20^,118 
170.770 
151,661 



2,010,5ai 



Value. 



$15,000 
75,000 
2,800,000 
4,750,000 
4,130,700 
4,561,800 
4,465,600 
4,164,000 
4,800,000 
7,500,000 
7,000,000 
6,120,000 
4,302,000 
3,530,000 
3,135,000 



60,340,700 



SUver. 



Quantity. 



Fineouneu. 
65 
326 
12,190 
20,681 
17,064 
19,861 
10,442 
18,132 
20,808 
32,654 
20,952 
20,477 
20,608 
20,317 
17,996 



262,583 



Value. 



7,1 
12,( 
10, 
10,J 
lO.J 
10,J 
12,( 
21,J 
13, ( 
10,1 
10,: 
10, ( 

9,: 



152,40i| 
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The silver is computed from the purity of the gold, the figures 
giTen being based on a comparison of assay returns. 

It is not possible to give figures that will represent the gold pro- 
duced at or near Nome separate from that of the whole peninsula, 
but the output of Nome is so large a proportion of the whole that the 
form of the curve in figure 7 probably represents with considerable 
accuracy that for the Nome district alone. The curve brings out 
clearly some of the important facts in the development of mining 
there. From the discovery of gold in 1898 there was a rapid rise in 
production during the first two years, while the rich gravels of Anvil 
Creek, Snow Gulch, and the present beach were the most important 
producers. From 1900 production remained relatively constant at a 
little more than $4,000,000 a year till after the third beach was dis- 
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FioDBi 7. — Diagram showing gold production of Seward Peninsula from 1807 to 1911. 

covered in 1905, when a rapid rise took place, and a maximum of over 
$7,000,000 was reached. This high production was maintained for 
two years, but it was followed by a reduction in gold output, due to 
the approaching exhaustion of the third-beach placers, and in 1910 
the yield fell below the yearly average of the five-year period from 
1900 to 1905. Some well-informed mining men at Nome bfelieve that 
the gold output for 1911 is below the average of what may be ex- 
pected under present conditions, and that with the installation of new 
dredges now projected and with continued success on the part of 
those already in operation an average yearly production of approxi- 
mately $4,000,000 will be maintained. 

HISTORY OF ITIKIKa. 

A somewhat detailed account of the development of mining on 
Seward Peninsula has been given by Brooks * in a recent publication, 

1 Collier, A. J., and others. The gold placers of parts of Seward Peninsula, Alaska : Bull. 
U. 8. Geol. Surrey No. 828, 1008, pp. 13-80. 

75778*— Bull. 638—13 5 
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and brief statements have been made in earlier reports* It is not 
necessary to present all the facts anew, but a summary of the im- 
portant events is desirable here. 

Placer gold has been known on Seward Peninsula since about 
1865, when the Western Union Telegraph Co. began the construction 
of a telegraph line to connect the United States with eastern Asia. 
The route chosen across Seward Peninsula was along Niukluk River 
to Kruzgamepa River and thence west to Port Clarence and Cape 
Prince of Wales. Portions of the line were constructed, but the proj- 
ect was finally abandoned because df the successful laying of the 
Atlantic cable. It is believed that the first white men who had 
knowledge of placer gold in this part of Alaska were members of 
parties sent out by the telegraph company to carry on this work. 
They are said to have found fine gold on Niukluk River. 

Gold was mined in the Council region several years before it was 
known at Nome, and from this vicinity the prospectors set out who 
made the Nome placers familiar to the world. 

Placer gold was discovered on Snake River in 1898 by a party 
which started from Golofnin Bay to prospect the gravels of Sinuk 
River. It is said that this party included N. C. Hultberg, J. J. 
Brynteson, H. L. Blake, and J. L. Haggalin. They worked their 
way westward along the coast in a small boat, but were storm bound 
for several days near the present site of Nome and spent the time 
in prospecting the gravels of Snake River. The results were not en- 
couraging to a majority of the men, and they pushed on to their 
original destination, but, not having success on Sinuk River, finally 
returned to Golofnin Bay. 

One member of the party, however, Brynteson, was sufficiently 
impressed with the prospects on Snake River to make another visit 
to the region. With two companions, Jafejt linderberg and Eric 
O. Lindblom, he returned to Snake River and on September 20 found 
rich placers on a stream which they called Anvil Creek from a pecul- 
iarly shaped rock on a neighboring hill. They also prospected and 
located claims on Snow Gulch, Glacier Creek, Rock Creek, and Dry 
Creek as well as the original claims on Anvil Creek. These streams 
have since proved to be the greatest producers of the region. 

A rush to the region took place immediately after the news reached 
the miners about Golofnin Bay, and on October 18 the Cape Nome 
mining precinct was formed and Dr. A. R. Kittleson was elected 
recorder. It was then too late in the year for mining, but claims on 
some 7,000 acres were filed by about 40 men. 

By the spring of 1899 rumors of the new gold field reached the out- 
side world and started a movement in the Nome direction which 
progressed during the summer till the population of the camp, then 
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called Anvil City, was increased to nearly 3,000. A great proportion 
of this number was composed of disappointed gold seekers from the 
Yukon country. They found on arriving at Nome that most of the 
region had already been staked and that their opportunities for sud- 
den wealth were as poor in the new camp as they had been in the 
camps they had recently left. An attempt was made by them to have 
all the claims staked up to that time invalidated so as to permit a 
general restaking of the creeks. This was defeated through the in- 
tervention of the military authorities, yet there was scarcely a claim 
that was not " jumped " — ^many of them several times. 

One of the important events of the season, important not only be- 
cause it made known a new source of gold to the camp, but be- 
cause it helped in great measure to relieve the unrest and dissatisfac- 
tion felt by the disappointed late comers, was the discovery of gold in 
the Nome beach. It was free to anyone who had the means to dig 
up the sand and wash it, and the shore was soon lined with a great 
crowd, each one at work on his little patch of ground. Although only 
the most primitive means were employed, over a million dollars was 
taken out in a period of about two months, and the richest deposits 
of the beach were practically exhausted. 

In this year also the first newspaper was started, a mayor and town 
council were elected, a post office was established, and a United States 
commissioner was appointed. 

The great rush to Nome took place in 1900. At the end of the 
previous summer many of the miners returned to the States, and the 
reports concerning the wealth of Nome were confirmed. A stampede 
comparable to that of the Klondike set in, and by the middle of the 
summer probably more than 20,000 persons had been landed on the 
Nome beach. Jumping of claims and litigation over mining proper- 
ties continued during the year. One of the most important events was 
the discovery of deep gravels at the head of Dexter Creek, leading to 
the beginning of winter mining. Another event having a significant 
bearing on the future of the region was the construction of a short 
railroad from Nome to Anvil Creek. 

In the following year, 1901, the Miocene ditch was begun. This 
ditch, the first of the system now bringing water from the upper 
Nome River to the placer ground near Nome, was originated by two 
experienced placer miners — W. L. Leland and J. M. Davidson — who 
were quick to recognize the importance of such a project and lost no 
time in carrying it out. Important extensions of the ditch were made 
in 1902 and 1903. The year 1901 also witnessed the installation of 
the first pumping plants for hydraulic mining. 

Hydraulic elevators were introduced in 1903, and since that time 
improvements in mining methods have consisted chiefly in a reduction 
of costs by the use of latx)r-saving machinery. 
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The third beach, 3 miles north of Nome, was discovered late in the 
fall of 1904, and although there had been mining on the second beach 
for two or three years the discovery iSrst turned the attention of most 
of the mining men toward the possibilities of the Nome tundra, which 
since that time has held chief place in the minds of the Nome public. 

The summer of 1905 at Nome was a season of ditch building and 
experiment. The Seward ditch and the Pioneer ditch, both taking 
water from Nome Kiver for use near Nome, were begun. The Wild 
Goose pipe line, to divert water from the head of Grand Central 
River to the Nome River valley, was also started. A large dredge 
was built on Nome River and a steam scraper was installed on the 
beach. 

The most important feature of the winter of 1905-6 was the exten- 
sion of mining enterprises along the third beach, eastward from 
Little Creek to a point near Nome River. This was followed in 
1906 by the greatest production for a single year that the region 
has known, and by great activity in prospecting over all parts of the 
Nome tundra. In 1906 the railroad, which, during the previous 
year, had been extended to the low saddle north of King Moun- 
tain, was pushed forward by way of Nome River and Salmon Lake 
valley to Lanes Landing, now called Shelton, on Kuzitrin River. 
Another event of importance in 1906 was the construction of a public 
road from Nome to the head of Dry Creek, the first road built in the 
region outside the limits of the city of Nome. 

Since 1906 the important events that have taken place include the 
discovery of several other buried beaches, notably the " intermediate " 
and " submarine " beaches, and the increased use of dredges in ex- 
ploiting the coastal-plain gravels. The successful application of 
dredges to mining in the Nome region is of great importance, for it 
makes available for working much low-grade gravel from which the 
gold can not be extracted economically by any other means in use 
there at present. There were in 1911 nine dredges in the vicinity of 
Nome. 

ECONOMIC CONDITIONS. 

Nome is more fortunately situated than most of the other gold- 
producing camps of Alaska. Its location on the sea gives it great 
advantage over the interior towns, even those that are reached 
directly by the Yukon. Six or eight steamships make trips with 
passengers and freight between Seattle and Nome from the beginning 
of June until the end of October or the middle of November. A 
considerable amount of freight also is carried by sailing vessels, one 
or two of which may be seen at almost any time at anchor off the 
Nome beadi. 



ECONOMIC CONDITIONS. 69 

The cost of living at Nome in summer is now very little higher 
than in some of the Pacific coast cities of the United States, and the 
accommodations are nearly as good. 

During the early days little work other than the carrying of sup- 
plies was done in winter. The lack of roads and other difficulties 
of travel made it exceedingly expensive to haul freight in summer, 
and consequently preparations for mining were made while the snow 
was on the ground. A great many claims were staked in winter, 
because traveling was easy and rapid. No prospecting was done, 
of course, but a man with a sled load of lath or willow sticks could 
lay claim to more ground in a week's trip than he could hope to stake 
in a month during the summer. The mining season, or rather the 
sluicing season, probably did not average over 70 days, although if 
tlie days of preparation were added to this the number would be 
increased to about 90, which is generally given as the length of the 
working season. 

With the discovery of the deep gravels and the beginning of 
underground mining conditions were much changed. It was no 
longer necessary for a man to be idle during half or three-quarters 
of a year, as a force of miners could be kept at work throughout the 
winter as well as the summer. Winter work is less expensive than 
summer work. Winter wages usually have been not more than half 
as great as those of summer, for the supply of labor is larger, there 
being less work to be done. The gravel mined in winter is piled 
in a " dump " near the shaft, and is ready for sluicing with the melted 
snows of early spring, thus further reducing the cost and making it 
possible to exploit gravels in many places where no other water 
supply is at hand, or where the cost of ditch water is high. 

The transportation of supplies from Nome to the creeks has 
always been one of the great items of expense in mining. Even on 
the streams near Nome, such as Anvil and Glacier creeks, the freight 
charges were high, because until 1906 there was no good road across 
the tundra, and the railroad practically controlled the freighting. 
The wagon road to the head of Dry Creek now makes it possible to 
reach Nome River, at the mouth of Dexter Creek, without great 
trouble, and from that point northward to the Kigluaik Mountains 
the river bars furnish good going for freight wagons. Freight 
charges by wagon to the head of Nome River in 1906 were about $60 
a ton. Snake River is less satisfactory for wagons than Nome River, 
and is more difficult to reach, so that it is not used much as a high- 
way. The Seward Peninsula Railway follows the valley of Anvil 
Creek to the Dexter Creek divide, and then passes into the Nome 
River valley. By its extension in 1906 all points in the upper Nome 
River valley could be reached, but freight rates are not likely to 
fall appreciably below the cost of freighting by wagon. 
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A second large item of expense in mining is the cost of fuel. Un- 
derground mining made it necessary to have a much greater and 
better supply of fuel than the region afforded. The gravels are 
frozen, and must be thawed befoi^e they can be removed. Power 
also is required to hoist them from the shafts. Water must be 
pumped to keep some of the mines dry, or for sluicing. Coal and 
oil now furnish heat and power for all mining operations in the 
Nome region. Attempts were made to utilize the coal resources of 
Cape Lisburne, but did not meet with success, so tiiat now a large 
part of the coal burned comes from British Columbia or the Pacific 
coast of the United States. The price to the consumer averages be- 
tween $17 and $20 a ton. Crude oil, distillate, and gasoline are em- 
ployed generally for power. The cost varies greatly and depends 
largely on freight rates from Nome to the place where it is used. 

The question of water supply is of great importance to placer 
miners. When mining began on Anvil and Glaciers creeks water 
for sluicing was obtained from the creeks themselves. The drainage 
areas of the streams are small, and their run-off^ varies greatly in 
different parts of the season, so that the supply was uncertain. Thus 
the amount of gravel that could be handled depended on the summer 
rainfall, as sluicing did not begin till after most of the snow was 
melted. 

Two methods have been employed to overcome this imfavorable 
condition. The first and most satisfactory is to bring water from 
a reliable source and deliver it at an advantageous elevation by 
ditches. The second, which has not proved economical, is to pump 
water to the required elevation. There are, as has been said, three 
large ditches drawing their supply principally from the Kigluaik 
Mountains that deliver water within a radius of 6 miles of Nome 
at elevations ranging from 200 to 400 feet above sea level. Besides 
these there are smaller ditches in several parts of the area that supply 
water to individual claims. 

These ditches removed in some measure the uncertainty regarding 
water supply, but they are constructed and maintained at a consider- 
able expense. Ice beds on the hill slopes offer one of the greatest 
obstacles to construction, for the water melts out the ice and under- 
mines the banks. During the first year of use a large amount of 
water is lost from a ditch by seepage. This difficulty, however, 
diminishes as the fine sediment in tlie water fills the cracks and small 
openings through which the seepage takes place. The critical time 
for a ditch each year is when the water is first turned into it in the 

^ During the summen of 190^1009 stream measttrements and records of rainfall were 
made bj J. C. Hoyt, F. F. Henshaw. and C. C. Covert. The data collected by them are 
published in Water-Supply Papers U. S. Geol. Surrey Nos. 196 and 218 ; in Bull. 379, pp. 
370--101 ; and in BulL 442, pp. 872-418. 
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spring. Frost loosens the ground and leaves it porous when the 
thaw comes, so that until the ground settles constant vigilance is 
necessary to avoid breaks in the embankment. All the large ditches 
are patrolled regularly throughout the working season. 

Water for power, one of the most valuable resources of the region, 
has not been used up to this time, although two projects for its use 
have been proposed and may be carried out in the future. One of 
these contemplates a 50-foot dam across the outlet of Salmon Lake, 
which would give both greater storage capacity and greater fall 
than can now be obtained. It is proposed to transmit the power by 
electric current to those places on the coast that require it. 

The purpose of the other project is to generate power by ihe 
water of several streams south of Imuruk Basin, on the north side 
of the Kigluaik Kange. Both projects are feasible, and it is per- 
haps strange that they were not proposed earlier and carried to 
completion. 

Water supply is a function of weather conditions, as are also the 
length of the working season and in some measure the efficiency of 
labor. 

Abbe * places Nome in the Bering seacoast province^ one of the 
eight climatic provinces into which he divides Alaska. It is char- 
acterized by temperature ranges and precipitation intermediate be- 
tween those of the more southern coast provinces and the provinces 
of the Arctic coast and the interior. He says :* 

In the Seward Peninsula, which forms the north shore of Bering Sea, June, 
July, and August can be counted the summer months. The snow has usually 
disappeared by the Ist of June and does not begin to fall again till September. 
In some years June and July are delightfully dry and pleasant months, but 
the colder rains, which are apt to begin in August and practically continue 
until snow flies, often accompanied by severe winds, are exceedingly try- 
ing. During 1901 the average temperature was 44^ in July and August and 
40^ in September,* the number of rainy days during these months aggregating 
66. At Port Clarence two years* records* showed a mean annual tempera- 
ture of 22^, with a minimum of —88^ and a maximum of 77*. The precipita- 
tion of the only year in which a record was kept amounted to 6.58 inches. 
The ground is usually frozen a foot or two below the surface throughout the 
year. • • • While the temperatures of the northern Bering Sea coast 
lines are usually not so low as those of the interior, the greater humidity of 
the atmosi^ere makes them harder to resist. 

Ice covers Bering Sea in the neighborhood of St. Lawrence 
Island from early November till the end of April, but does not leave 

^Abbe, Cleveland, jr.. Climate, in Brooks, A. H., Geography and geology of Alaska: 
Prof. Paper U. S. Geol. Survey No. 45, 1906, p. 141. 
■Idem, p. 146. 

* Collier, A. J., A reconoaii»ance of the northwestern portion of Seward Peninsula : 
Prof. Paper U. 8. OeoL Survey No. 2, 1902, p. 7. 

* Brooks, A. H^ and others. Reconnaissances of tlw Cape Nome and Norton Bay regions, 
Alaska : Special publication U. 8. Oeol. Survey, 1901, p. 163. 
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The Nome and Grand Central quadrangles contain no timber. 
There are willows along the streams and scattered clumps of alders 
on hill slopes, but spruce does not extend west of Niukluk River — that 
is, not within 25 or 30 miles of the eastern boundary of the quad- 
rangles. (See fig. 8.) Some species of willow in this district attain 
a thickness of 4 inches and a height of 15 to 20 feet. Trees of such 
size are not numerous and probably require the most favorable con- 
rani Penlnaala, Aluka: 
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ditims for growth. Most of the willows seen along the stream 
courses do not exceed the height of a man nor have a greater thick- 
ness than about 2 inches, yet they have made it possible to prospect 
many parts of Seward Peninsula where no other fuel is to be found. 
In the early days at Nome driftwood from the beach served as fire- 
wood end even as material for cabins, but no such source of supply 
was available to the miners on the creeks. At present all fuel (coal 
and oil) is dipped to Nome frun outside points. 
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Hie Nome district, except the higher hilltops, is covered for the 
most part with a mat of vegetation, mode up chiefly of various kinds 
of moss, but including a great variety of small plants and in places 
dwarf willow, dwarf birch, and grasses of several kinds. This vege- 
tation has formed many deposits of peat, some of which have b:;en 
used as fuel. The peat is cut into blocks and'stacked to dry for a 
considerable time before it is bumed ; and although the proportion 
of ash is great, very satisfactory results are reported. 

Grass is plentiful on most of the lower slopes of the hills and 
valleys. It serves as food for horses, but must be supplemented by 
grain or hay when the animals are doing heavy work. 



thus seem proper to consider tlie bedrock source of gold before taking 
up the placer deposits, but because of their pi-esent far greater com- 
mercial importance the placers are described first. 



SniSS OF FLAOEBB. 

A description of the Nome placers at this time, long after most of 
the observations were made, necessarily deals with many things that 
are now only history to tlie men who have been active in develop- 
ing the field. The richest deposits of some of the creeks and benches 
and even of the third beach are nearing exhaustion. Other bonanzas 
have not been found to take their places, and only by the use of new 
and better methods of mining is the present production maintained. 

It is fully recognized that the following descriptions of placers 
lack much to make them complete and that the critical reader will 
find occasion to raise questions, yet it is worth while to assemble in 
one place the records of observations, most of which have already 
been published,' although they are not new nor exhaustive, for they 

' Accounts of placer mining at Nomp ulncc IQOS will be found In the aeTeral toIuidm of 
Mineral reaourccH of Alaaiia, Bull. U. S. Geol. Survey No. :;S4. inOG, pp. V.12-H4: No. 
314, 1007, pp. 128-145: No. 345. 1908, pp. 306-216: No. -17». 1009. pp. 267-283; No. 442. 
IHIO. pp. ;t53-35»: No. 480, 1911, pp. 40, 52: No. S20. 1012. pp. 339-344: alHO In BnlL 

■s, lOfia. 
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thus become conveniently available for the use of the thoughtful 
prospector as well as the geologist. The writer's own observations 
have been supplemented by those of earlier and later workers in the 
field, particularly Smith and Henshaw, both of whom collected data 
on the Nome placers during the course of other work. An excellent 
paper by T. M. Gibson ^ on the Nome beaches should be read by all 
those interested in this subject. 

The principal placers of the Nome vicinity may be grouped under 
the four following heads, which are not intended to represent a classi- 
fication of gold placers but are used mainly for convenience in de- 
scription: 1, Residual placers; 2, stream placers; 3, bench placers; 
and 4, beach placers. 

These headings are descriptive and refer only secondarily to the 
origin of the deposits. As a further help in description and to avoid 
confusion, the placers are here grouped according to the drainage 
systems of which they are members. 

Origin. — Residual placers are produced by the decay of gold- 
bearing rock and the removal by solution or by water and wind 
transportation of the lighter products of decomposition, the heavier 
minerals remaining in a natural concentrate. The process is common 
and is of economic importance where the residual minerals are 
valuable and occur in sufficient amount to return a profit in mining. 

Such concentrated minerals, when ccnnpared with those found in 
streams or on the beach, are seen to have moved relatively short 
distances from their original bedrock positions, and the movement 
may be considered as downward rather than horizontaL It is evi- 
dent that accumulations of this kind are favored by very long con- 
tinued weathering and are the result of subaerial rather than of 
stream activities. Gold placers, in which the accumulated gold rep- 
resents residual material, are known at a number of localities, and 
some of them have been mined with profit. 

Rock Creek. — Gold occurring as a residual concentration is found 
on the hill slope between Rock and Lindblom creeks. The bedrock 
is schist, cut by many small veins and stringers of quartz in which 
pyrite is abundant. These stringers also carry gold. The slope of 
the hill is gentle, and an accumulation of debris consisting chiefly 
of angular schist and quartz fragments and ranging in depth from 
3 to 6 feet is present. Without doubt a considerable portion of this 
debris came frcxn the upper slopes of the hill, for i£s character indi- 
cates that it has not traveled far. The gold occurs near and on bed- 

^Gltwon. T. M., Pay streaks at Nome: Mln. and 8d. Press, vol. 102, 1011, pp. 424-427. 
462-467. 
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rock and is associated with a great deal of iron-stained quartz and 
with schist equally or more stained. Sluicing is attended with some 
difficulties, chief among which is that of obtaining water, so that 
mining has been carried on only on a small scale and the production 
is not large. Attempts have been made to exploit the bedrock source 
of the gold, but with what success is not known to the writer. 

A peculiar association of minerals, including the sulphides of 
lead, antimony, arsenic, and a little copper is found here, and for a 
time was thought to be possibly a new mineral. 

Pioneer Gvlch. — Residual gold deposits are mined at Pioneer 
Gulch, on the west side of Snake River just below the forks. The 
deposits here occur near a small gulch on a hill slope much steeper 
than that of the Rock Creek locality just described. The bedrock 
is schist, cut by small veins of quartz containing iron pyrite, and 
stained with the oxide resulting from decomposition of the pyrite. 
Neither the veining nor the mineralization is as notable here as at 
Rock Creek. 

Part of the gold and of the fragmental material, although it is 
not rounded nor waterwom, has probably moved some distance down 
the slopes, but some of it appears to be almost in place. Gold may 
be seen free and in some of the quartz fragments. The free gold is 
coarse and angular. 

Water for operating a hydraulic plant is provided by a ditch hav- 
ing its intake at the mouth of Waterfall Creek and drawing an ad- 
ditional supply from Dewey Creek and Surprise Gulch. 

Boer Creek. — ^Boer Creek is a small southern tributarv of Hud- 
son Creek, which joins Buffalo Creek near the head of Nome River. 
It flows in a steep, narrow valley cut chiefly in black graphitic 
schist in which are a few interstratified limestone beds. There is 
little gravel in the creek, but a small hydraulic plant near its mouth 
is operated for recovering gold from the decomposed graphitic 
schists, from which nearly all the gold present appears to come. 
These schists are silicious and thinly laminated. Near them is a 
dark-blue limestone. 

Nehula Gulch, — A claim on Nekula Gulch, commonly known as 
" Caribou Bill's claim," probably lies near the border line between 
residual deposits and stream deposits. The gravels were of extra- 
ordinary richness Und occupied a great hole in limestone. The gold 
evidently must have traveled more or less to reach its resting place, 
but its condition indicated that the movement had not been great. 
This deposit may be compared with some of the rich potholes in 
limestone on Ophir Creek, in the Council district, and will be de- 
scribed more fully in the account of stream placers on Nekula Gulch. 
(See pp. 83-84.) 
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BTEXAX PLA0EX8. 
PBINCIPAL CLASSES. 

Stream placers ia the Nome region are of two kinds. Most im- 
portant are those whose gold seems to be a first concentration result- 
ing from weathering of gold-bearing rock and accumulation of the 
gold in the channels of streams that carry away the products of 
weathering. To placer deposits of this nature belong the greatest 
number of the stream concentrations. 

The second kind of stream placers comprises those whose gold is 
concentrated from gravels of a previous period of deposition. Such 
placers are well represented on those streams that arise within the 
coastal plain and on the lower portions of streams that cross the 
coastal plain. The gold of this concentration is not derived directly 
from the bedrock source but from a supply disseminated throughout 
the gravels in which the stream is cutting. 

A common variation of stream placer deposits is found in the 
gold-bearing sands and gravels of river bars, but such placers have 
no importance yet in the Nome region, although the bars of Nome 
and Snake rivers are known to carry a small amount of gold. 

The most important and productive stream placers of the Nome 
area were found on Anvil Creek, Glacier Creek and its tributary Snow 
Gulch, Dexter Creek with its tributary gulches (especially Grass 
Gulch), and Dry Creek. (See fig. 9.) With these may also be 
named Bourbon Creek, Newton Gulch, and Hastings, Osbom, and 
Dorothy creeks. A considerable number of smaller streams com- 
plete the list of creek placers of the region, for neither Nome River 
nor Snake River has reached importance as a gold producer. The 
writer is indebted to the reports of Brooks and to the notes and un- 
published manuscripts of Collier for a large part of the data on the 
stream placers, collected prior to the year 1906. This material has 
been incorporated with the results of observations made during the 
two years in which the field work for this report was carried on. 

SNAKE KIV^S BASIN. 

Snake River, — Snake River heads in the region adjacent to Mount 
Distin, but the name Snake is applied only to the lower part of the 
stream beginning at a point 15 miles from the coast. The length 
of this lower part is much greater than 15 miles, however, for the 
river follows a winding course through a broad valley in the upland 
region, and, after crossing the coastal plain to a point within about 
a mile of the coast, turns abruptly eastward and flows nearly parallel 
with the shore for about 5 miles before joining the sea. Its elevation 
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at the mouth of the North Fork is 170 feet, giving a gradient of not 
over 7 or 8 feet to the mile. 
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FiocBE 0. — Sketch map of the Tlclnlty of Nome, showing dletrlbntlon of placen. 

Low marshy ground borders the river and forms a valley floor 
whose width varies between half a mile and 1 mile, and from which 
the lower hill slopes rise gently on either side. The river swings 
back and forth across this low land in a succession of meanders, 
whose complexity suggested the name Snake to the first prospectors* 
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The Snake Biver valley has a deep gravel filling, but has been 
very little prospected. Gold is found on some of the bars. The 
deposits, however, are not rich enough to pay for working on a 
small scale and offer little encouragement to prospectors. 

The Snake River basin, however, includes some of the richest 
creeks of the Nome region, such as Anvil, Glacier, and Dry creeks, 
and other less important streams. 

Arml Creek. — Anvil Creek is the most widely known stream of the 
Nome region, both because it is the stream on which the first great 
discovery was made and because of its gold production, which during 
the first five years of mining amounted to $1,000,000 a year. 

Anvil Creek is nearly 6 miles long. The lower 2 miles lies within 
the coastal plain, but the upper part fiows through a broad valley 
in the upland plateau. About 3 miles of the stream has been pro- 
ductive. This part ext^ids from the vicinity of Moonlight Springs 
to Nekula Gulch. 

Moonlight Springs has an elevation of 100 feet above sea level. 
The elevation of Nekula Gulch at its mouth is almost 400 feet, so 
that Anvil Creek between these points has an average grade of very 
nearly 100 feet to a mile. The drainage basin is small, and scarcity 
of water for sluicing was frequent in the early days. 

Anvil Creek fiows in a valley whose rocks are chiefiy chloritic and 
graphitic schist of the Nome group. In the vicinity of Discovery 
claim, which is situated near the point where the creek leaves the 
hills to cross the tundra, the bedrock for about half a mile is black 
graphitic schist. Above that for another half mile is chloritic schist 
and beyond comes a succession of chloritic and graphitic schist beds, 
some of which are calcareous. Many of these schist beds are faulted 
and in places, as near Discovery claim^ show small veins and stringers 
of quartz with pyrite. 

Anvil Creek cut its present channel into the schist of the valley 
floor and is confined on the east by an escarpment not over 15 to 20 
feet high in most places. A low bench^ with surface sloping gently 
toward the stream, is thus formed along the east side of the valley. 
It does not appear on the west side, however, for the creek flows 
close to the valley's western slope, which here rises rather steeply. 
The flood plain has a width of approximately 300 feet at the lower 
end of the productive part of the creek and narrows gradually toward 
the mouth. 

Gold-bearing gravels were first found along the present stream 
channel and later on the rock bench east of the creek. The gravels 
of Anvil Creek consist chiefiy of material like the rocks of the sur- 
rounding hills, and are doubtless derived in large part from sources 
within the drainage area of the creek, yet rounded granite bowlders 
f r(»n the size of cobblestones up to 2 feet or more in diameter are 
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found in the valley, especially along its east side, and it is, therefc 
evident that the surficial deposits are not entirely of local origin. 

Gravel deposits ranging from 3 to 5 feet in thickness have been 
posed all along the present channel by mining operations. The si 
face deposits on the bench east of the creek reach a thickness ofj 
feet, but the thickness is much more irregular th^:« than along 
creek, as the bench gravels have been partly eroded and in one or 
places persist only as isolated patches. 

All the claims from the tundra to Nekula Gulch have yield< 
profit Some were far richer than others, for the gold is not ev< 
distributed throughout the length of the creeL Discovery ch 
together with the ground above and below for a short dis( 
proved to be the most valuable part of the creek. The richer 
posits of the present channel were in part a secondary concentral 
of material brought by Anvil Creek and tributary streams from tl 
places where they attacked the auriferous gravels of the bench on 
east and especially where they cut into the gold-bearing gravds 




FicDBB 10. — Dlaf^rammatic section of Anvil Creek valley, showing bench gravels. 

an old channel of Anvil Creek. In a larger way the great diff^e 
in concentration between the auriferous gravels of the upper 
of Anvil Creek in the vicinity of Nekula and the gravels found 2 
o miles belo^ 5 near Discovery claim, appears to depend on a diflii 
ence in gold content of the rocks from which the placers were 
rived. Collier^ says on this subject: 

The rich placers on the upper part of the creek, for example, can be 
tributed partly to the reconcentration of high bench gravels washed down 
Nekuln Gulch, and the richness of the placers near Discovery claim is in 
probability due to veins in the local bedrock, for it is there that all the p 
nomenally large nuggets have been found, and these could not have been tra 
ported far. The facts necessary for estimating with any degree of exactness 
gold tenor in the Anvil Greek placers are not at hand, but the average for 
the gravels mined along the creek cau not have been less than $5 a cubic ya 
In the richer spots much of the gravel contained more tlian $50 to the cubl 
yard. 

The gold-bearing gravels on the bench east of the creek (fig. 10 
are found chiefly in well-defined channels cut in bedrock by Anvi 
Creek and its tributaries at a much earlier stage of their history, bu 



1 



^ Collier. A. J., The gold placers of parts of Seward Penlnsala, Alaska : Ball. XT. S. OeQ 
Surrey No. 828, 1908, p. 188. 
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the auriferous deposits are not confined entirely to these channels, as 
in a number of localities they extend beyond the channel rim. The 
channels are not indicated by the topography, and their presence was 
not known till mining began on the bench gravels. What seems to 
be the principal old channel lies at a distance of 300 to 600 feet east 
of the present stream and although not exposed continuously can be 
traced with a considerable degree of certainty from a point about a 
mile above Specimen Gulch as far south as Discovery claim. Its 
greatest width so far as known is about 120 feet, and at one place it 
has a depth of 20 feet. It has been cut by tributaries of the present 
stream, and its rim is in some places destroyed on one side. A 
short distance above Specimen Gulch the main channel lies about 400 
feet east of Anvil Creek. Between it and the creek a smaller rock- 
cut channel was exposed in mining. It is about 20 feet wide, is 12 
feet deep, and where exposed has the form of a letter 8. 

From observations in the workings on the bench it is seen that 
there is no uniformity in the character of the gravels present Fif- 
teen feet of gravel is exposed in an old channel half a mile above 
Specimen Gulch. The channel is here 60 feet wide and lies from 200 
to 300 feet east of the creek. 

Just north of Specimen Gulch a channel 70 to 120 feet wide was 
exposed in a pit 20 feet deep and 200 feet long. The east rim is steep, 
but the west rim has a gentle slope. A graphitic schist bedrock is 
overlain by 7 feet of auriferous gravel, which in turn is covered by 
12 feet of sandy clay. Pebbles and bowlders of schist, greenstone, 
and a few of granite are seen in the clay. 

At Specimen Gulch where it intersects the old channel the follow- 
ing section was exposed : 

Section in old channel at Specimen Oulch. 

Feet. 

MoflB and mnck 1 

Coarse gravel 8 

Clay 1 

Bedrock, graphitic BChist 

Half a mile below Specimen Gulch not less than 500 feet of the 
main channel was uncovered, also a small tributary channel about 7 
feet deep and 8 feet wide entering from the west. The section showed 
the following beds : 

Section in old channel half a mUe he^ow Specimen Qutch, 

Ft in. 

light-brown sand and angular gravel 6 

Brown clay 1 

GniTel with large bowlders, mostly flat, some measuring 18 
Inches In longer dimension, but most of those at the bot- 
tom of the bed much smaUer 15-20 

Schist bedrock. 

TSTTS"*— Bull. 53a— 13 6 
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About a mile above Discovery claim the old channel was exposed. 
It is bounded along most of its length by well-marked rock rims but 
is smaller than the present channel of the creek and about 20 feet 
higher. There appear to be a number of channels rather than a single 
one. At the south end the working faces show : 

Section in old channel 1 mile above Discovery clain^, 

Peet. 

Brown clay and boU containing a few angnlar pebbles 3 

Fine gravel with sticky clay sediment 6 

Coarse gravel, flat, 4 to 6 Inches across, and sand 3 

Bedrock not exposed. 

Gold is distributed through the 9 feet of grave\^ both in the upper 
6 feet of fine clayey material and in the underlying coarse gravel and 
sand. 

About three-fourths of a mile above Discovery claim a remnant 
of the old channel deposits was discovered 300 feet east of the escarp- 
ment and 50 feet above the creek. It occupied a depression bounded 
by rock walls and was only about 100 feet long, but the gravel was 
very rich. 

The rock bench on the east side of Discovery claim stands about 
10 feet above the creek at its lower edge and slopes gently for 500 
or 600 feet to the foot of Anvil Mountain. Gold-bearing gravel 
of unusual richness was discovered on this bench. Its thickness 
ranged from 4 inches to 4 or 5 feet, and as in most other places the 
greatest concentration of gold was in its lower part. Gold was pres- 
ent also in the bedrock beneath. The gravel was overlain by 12 to 
14 feet of yellowish clay, which contrasts sharply with the more usual 
covering of about 3 feet of peaty " muck." The bedrock at this place 
is graphitic schist with an irregular surface but is not cut by any 
well-defined channel. One of the old channels of Anvil Creek, how- 
ever, extends south from Discovery claim in this vicinity to Little 
Creek, where it was at first mistaken for the "third beach." This 
channel, according to Gibson,* is incised into the schist bedrock to a 
depth ranging from about 4 feet to 12 feet. It has been buried in 
delta and beach deposits, and the auriferous gravels, besides filling 
the channel, overflowed its rims both to the east and to the west 
Near the old shore line the gravel was mined to a width of 500 or 600 
feet^ although the channel itself was not more than 150 feet wide. 
The gravel ranged from 20 to 25 feet in total depth and was overlain 
by 12 to 15 feet of ice, " muck," and surface vegetation. Coarse creek 
wash, quartz, schist, and limestone filled the channel depression in 
bedrock. This material was overlain by cross-bedded delta and beach 
deposits of similar composition and character, but including also a 
small amount of interbedded beach-worn pebbles and sand. 

» GlbBOD, T. M., Pay streakB at Nome : MIn. and Scl. Press, vol. 102, 1911, p. 464. 
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As has been stated, bench gravel containing sufficient gold to yield 
a profit on mining is not confined to the old channels of Anvil Creek. 
In many places the gold-bearing deposits extend beyond the channel 
rims^ especially the western rim, and spread out upon the bench below. 
Many of the Anvil Creek claims have been worked over twice, and 
one or two have been worked three times. All the gravel is put 
through the sluice boxes, and from 6 to 18 inches of the bedrock is 
broken up with the pick and washed. The gold is now nearly ex- 
hausted on the present channel floor, but work is still carried on in a 
number of places, and on the bench much gravel remains that with 
cheaper methods of mining will yield a profit. 

Anvil Creek gold as a rule is chunky rather than flat. Two nug- 
gets worth approximately $1,600 and $1,700 were found on Discovery 
claim, and a third nugget, the largest ever brought from Alaska, was 
discovered on the bench east of Discovery claim. This nugget with 
its contained quartz weighed 182 ounces. The gold in it was calcu- 
lated to be worth $2,660. Many smaller nuggets were found, and 
pieces worth several dollars were common. 

The richest gravel of AnvU Creek was that on Discovery claim and 
in its vicinity, where also the coarsest gold was found. From that 
locality the average size of the placer gold decreased downstream, as 
would be expected^ for the lighter particles would be transported 
farther by the water, and probably the particles that traveled far 
were more or less reduced by abrasion. 

With the gold were concentrated a number of hea^y minerals, of 
which magnetite, garnet, and scheelite are most common. These min- 
erals, however, do not cause great difficulty in cleaning the gold. Dr. 
Cabel Whitehead, formerly of the Alaska Bank & Safe Deposit Co., 
at Nome, has given the fineness of Anvil gold as 0.89, or $18.33 an 
ounce. The Anvil Creek placers have averaged probably not less 
than $5 to $6 to the yard of gravel and locally have yielded 10 times 
that amount. 

Specimen and Nekvla gulches, — Two small tributaries of Anvil 
Creek, Specimen and Nekula gulches, may be described in connection 
with it. Nekula Gulch is one-third of a mile long and heads near 
the saddle at Dexter station. The bedrock is graphitic and chloritic 
schist, calcareous schist^ and limestone. The stream gravel averages 
about 3 feet in thickness and consists of schist, quartz, and some lime- 
stone. The gold in this gravel is largely or perhaps wholly derived 
by secondary concentration from the high-bench deposits near Dexter 
station. 

A short distance north of Nekula Gulch and about 50 feet lower 
than the saddle between it and Deer Gulch very rich gravels, previ- 
ously referred to as " Caribou Bill's claim," were discovered in a hole, 
which seems to be a cavern or sink in the limestone bedrock. The pit 
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made in the gravel was about 30 by 50 feet in area and 20 feet deep. 
This auriferous deposit was probably a part of the high-bench deposit 
and has been described as such by Collier. Calcareous schist inclos- 
ing a bed of limestone forms the country rock. The sink, if such it 
is, was shown by a shaft to have a depth of nearly 00 feet. It is filled 
with gravel consisting of rounded schist fragments and limestone in 
yellow clay probably carried into it by running water. The gold 
mined here was coarse and angular and appeared to have traveled 
only a short distance from its bedrock source. The gravel was 
remarkably rich ; its gold content has been estimated as not far from 
$1,000 a cubic yard. 

Auriferous gravel was found below this claim on Nekula Gulch, 
but none had so high a value as the deposit just described. Most of 
the gravel was shallow, averaging about 3 feet deep. The gold was 
most concentrated on bedrock and is reported to have reached about 
$1.50 to the yard. 

Specimen Gulch heads near the high-bench gravels between Anvil 
Creek and Grass Gulch and, like Nekula Gulch, received some of its 
gold from these older deposits. At its lower end part of its gold was 
doubtless received from the bench deposits east of Anvil Creek. 
The bedrock is graphitic schist. The gravel has a thickness of 8 
feet on the Anvil bench and reaches 10 feet in other places. Near 
the old Anvil channel the gravel rests on 1 foot of clay, and here the 
best pay was found. The gold does not show much wear and prob- 
ably has not traveled far. 

Glacier Creek. — Glacier Creek is another of the streams staked by 
the discoverers of the Nome placer field. It has a length of 5^ miles 
and joins Snake River 6^ miles north of the coast. The upper 4 
miles of Glacier Creek lies in a broad upland valley with gently 
sloping sides, but the lower part crosses the lowland of Snake River, 
into whose gravels it has intrenched its bed. The productive part of 
the stream extends from a point just below the mouth of Bonanza 
Gulch to Snow Gulch. Some mining, however, has been carried on 
above and below these points. From Snake River to Bonanza Gulch 
the grade of the creek averages 50 feet to the mile. This stretch 
includes that part of the stream crossing the Snake River lowland, 
which is the part of least grade. Above Bonanza Gulch the grade 
increases to 75 feet to the mile. 

Most of the gold of Glacier Creek has been taken from four locali- 
ties, the bed of the stream from Snow Gulch down to the Snake 
River flats, Snow Gulch, Hot Air bench north of the most productive 
portion of the main stream, and Bonanza Gulch. 

Glacier Creek above Bonanza Gulch flows through a rock-walled 
channel from 100 to 300 feet wide, incised in schist belonging to the 
Nome group. The bedrock consists, for the most part, of chloritic 
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schist, in which are local limestone beds. The schist in a number of 
places carries a considerable percentage of pyrite and is cut by veins 
of quartz containing pyrite and a small amount of gold. Qpe 
selected specimen of such vein material assayed half an ounce of gold 
to the ton. 

Below Bonanza Gulch the flood plain of Glacier Creek has a width 
of 200 to 500 feet. Prospect holes have been dug along the lower part 
of the creek, and the gravels there are known to carry gold, although, 
on account of the small content of metal and the low grade of the 
creek, little effort has been made to recover it. The test pits show a 
depth of gravel ranging from 5 to 20 feet. One mile above the 
mouth (whose elevation is 40 feet above sea level) a section showed 
10 to 12 feet of gravel resting on schist bedrock and overlain by 2 to 3 
feet of muck. The gravel carries fine bright gold that has evidently 
traveled a considerable distance. 

Near the mouth of Snow Gulch 6 feet of gravel, made up of schist 
and quartz, rested on schist bedrock. The lower third of this gravel 
carried considerable gold. 

Little mining has been done on Glacier Creek above the mouth of 
Snow Gulch, and most of the operations on the creek proper have 
been confined to the part between Bonanza and Snow gulches. Most 
of the gold is fine and worn. Garnet and scheelite accompany it. 

Snow Gulch. — Snow Gulch was formed by a small stream about 
three-quarters of a mile long, heading in the divide between Anvil 
and Glacier creeks. The stream flows directly across the bedding 
and cleavage of the schist, whose upturned edges form the riffles that 
caught the gold. In its lower and less steep portion this gulch has a 
grade of 160 feet to the mile, but the upper quarter mile has a much 
steeper grade. The bedrock is schist, in which are a few limestone 
beds, some reaching 12 feet in thickness. Faults are numerous, and 
the rocks are cut by many small quartz veins. Veins of quartz and 
of calcite carrying free gold are seen on the ridge at the head of the 
gulch. Owing to the steep grade of the stream, deep gravels did 
not accumulate. The deposits averaged 3 or 4 feet in depth near the 
lower end, but the gulch is now swept almost clean by mining oper- 
ations, and the gold supply is exhausted. Considering its size. Snow 
Gulch was one of the richest streams discovered in the Nome region, 
more than a million dollars' worth of gold having been taken from it. 
Most of the gold was fine and rounded, but it is not believed to have 
traveled a great distance; part of it, at least, was probably derived 
from gold-bearing veins in the immediate vicinity. 

Hot Air 6e?k?A.— Northwest of the mouth of Snow Gulch, nearly 
100 feet above Glacier Creek, auriferous gravels were found along 
an old channel once occupied by the creek. The north rim of the 
Glacier Creek channel rises in a steep bank that limits a southward- 
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sloping bench on which the old channel gravel lies. There was no 
topographic indication of the presence of a channel, but mining oper- 
ations disclosed one. It is cut in the schist bedrock and extends 
nearly parallel with Glacier Creek for 400 feet or more. Its east end 
turns toward the creek, but its west end is less well defined. The 
channel has a depth of approximately 20 feet and a width of 100 
feet. Both rims are seen except in one or two places. Schist forms 
the bedrock and is cut by quartz veins, which opposite the mouth 
of Snow Gulch reach a thickness of 6 inches and carry considerable 
j)yrite. Pyrite is abundant also in the schist itself. A section of 
the surface deposits included 4 to 5 feet of vegetable matter and clay 
overlying the same thickness of gravel, which rested on the schist 
bedrock. Schist and quartz with some limestone and a few granite 
pebbles compose the gravel. It is estimated that the pay streak car- 
ried nearly $50 in gold to the cubic yard. The gold is bdieved to 
have been derived from the mineralized schist and quartz veins found 
in the immediate vicinity. 

Bonanza Gulch. — Bonanza Gulch is a shallow depression, less than 
half a mile long, on the hillside south of Glacier Creek. It joins 
Glacier Creek where that stream leaves the upland valley to cross the 
Snake River lowland. A small stream flows in this depression, but 
except in spring does not carry enough water for use in mining. The 
bedrock is highly folded and much-decomposed schist. At the lower 
end of the gulch 2^ feet of gold-bearing gravel was overlain by 5 
to 6 feet of sandy clay and 1 foot of surface " muck " containing much 
vegetable matter. The gold was fine and worn by travel. All the 
richest gravels so far as known have been mined out. 

Rock Creek. — ^Rock Creek is a small stream, which rises on the 
south slope of Moimt Brynteson and joins Snake River about half 
a mile above Glacier Creek. The productive part of the stream ex- 
tends from a point 1 mile above Snake River to a point nearly half 
a mile farther up the creek. Rock Creek flows in a channel 25 to 
80 feet deep cut in bedrock consisting of schist with some limestone 
beds. Many small quartz veins are present. 

The gravel deposit averages about 5 feet in depth, and ranges in 
width from 60 to 100 feet, according to the width of the rock channel. 
A few nuggets have been found, but most of the gold is rather fine, 
and is recovered by the use of mercury. Associated with the gold 
are considerable scheelite and less magnetite, limonite, and garnet. 
A vein of scheelite 3 to 4 inches wide is reported to have been uncov- 
ered on the creek. 

Lmdhlom Creek, — ^Lindblom Creek is about 1 mile long and flows 
down the west slope of Mount Brynteson. It has cut a narrow gulch 
in the schist of the mountain and for part of its length flows in the 
gravel floor of Snake River. The gravel is shallow, and only a 
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small amount of gold has been found in it. Little mining has been 
done there. 

Bdlto Creek. — ^Balto Creek joins Snake River directly west of the 
summit of Mount Brynteson. It flows in a narrow gulch cut in the 
schist. A small quantity of gold was obtained from its shallow 
gravels. 

Bovlder Creek. — ^Boulder Creek has produced a small amount of 
gold, but its productive portion lies outside of the area under con- 
sideration. 

Bangor Creek. — ^Bangor Creek joins Snake River near the southern 
boundary of the Grand Central quadrangle, but only 3 miles of it 
is represented on the map. It flows in a narrow V-shaped valley 
and through most of its course has a grade of nearly 90 feet to the 
mile. The bedrock is schist, with which a few limestone beds are 
interstratified. The gravel consists chiefly of schist and quartz. 
Many large bowlders of quartz, also bowlders of granite, are seen 
in the stream. A hole 11 feet deep was sunk at the mouth of Bangor 
Creek without reaching bedrock, and another near by on Snake River 
was put down 22 feet with the same result. 

Mining has been carried on near the mouth of Butterfield Canyon. 
The gravel here has a depth of 14 feet and is said to yield $2.50 
to the cubic yard. The gold is fine, but nuggets worth $15 or $20 
are found. Scheelite and hematite occur with the gold. Pieces of 
scheelite weighing half a pound have been found in the concentrates. 
Last Chance Creek. — ^Last Chance Creek, a small tributary of the 
North Fork of Snake River, flows in a deep, narrow valley and 
supplies sufficient water for such mining operations as have been 
carried on. The bedrock is chloritic schist in which are graphitic 
and calcareous beds. Limestone beds are not uncommon. These 
same rocks supplied material for the stream gravel. 

A small amount of gold has been found, but mining was not very 
profitable. Just above Dewey Creek the heavy concentrates from 
the gravel contained, besides the gold, scheelite, hematite, magnetite, 
and pyrite. The gold w^ rough and iron stained. Nuggets worth 
$2 were found. 

Goldhottom Creek. — Goldbottom Creek flows around the west and 
south slopes of Mount Distin. Its bedrock is partly schist and 
partly limestone, and its gravel consists of the same materials, but 
a considerable quantity of granite bowlders appears along the stream, 
especially near its mouth. The stream has produced a small amount 
of gold, most of which was obtained by pick and shovel. A small 
hydraulic plant was set up, on the upper part of the creek in 1905, but 
whether the undertaking was profitable or not was not learned. 
Stream tin is found in the gravel at a number of places along the 
creek. 
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Steep Creek. — Steep Creek, a small tributary of Goldbottom Creek, 
has had a small gold production for a number of years. The creek 
cuts the schists and limestones of the Mount Distin mass and its 
upper portion is a series of waterfalls. The gravel lying along the 
lower part forms a deposit from 18 inches to 4 feet deep and from 
60 to 70 feet wide. It is coarse, though it includes no bowlders not 
easily handled, and contains little fine sediment The gold is smooth, 
bright, and coarse. No large nuggets have been found, the largest 
being worth only about $2. A little magnetite occurs with the gold. 

Oruh Oulch.—Grvih Gulch heads in a low saddle between Nome 
and Snake rivers and flows in a channel bounded by rock walls of 
greatly sheared schist. The gravel is schist and quartz, but many 
granite bowlders are also found. A pay streak said to average about 
40 feet in width and between 5 and 6 feet in depth, carrying $3.75 to 
the cubic yard, has been worked out. The gold was coarse and rou^, 
but no pieces of greater value than $1.75 were found. 

Grouse Creek. — Grouse Creek is 4| miles long. The lower half 
of the stream occupies a north-south canyon-like valley, but the upper 
half of its valley does not have this feature so well marked. A large 
part of the water comes from springs at the base of Mount Distin. 

The bedrock on the lower part of Grouse Creek is chiefly schist, 
but above Cold Creek the limestone beds of Mount Distin outcrop in 
many places. The surface deposits consist of limestone and schist 
with quartz, smaller amounts of greenstone, and scattered granite 
bowlders. 

Mining has been carried on near Cold Creek and for some distance 
below. The gravel averages approximately 5 feet in thickness. 
About a mile above the mouth of Grouse Creek a pay streak 40 feet 
wide and from 1 to 3 feet thick, containing a large amount of lime- 
stone, was worked. The gold is bright and rough and rests on lime- 
stone bedrock. Near Cold Creek smooth- worn gold is found. It has 
worked down into cracks in the limestone, so that considerable labor 
is required to get it out. 

There has been some prospecting also in the bench gravels between 
Grouse and Cold creeks, but the results were not especially encour- 
aging. The gravel is well washed, and the deposits are from 4 to 
24 feet thick. 

Center Creek. — Center Creek and its tributaries, Flat, Wonder, 
and Saturday creeks, lie within the coastal plain. Their placers are 
of the type of reconcentrated stream placers, but their gold produc- 
tion is small. A claim on Saturday Creek where mining was carried 
on in 1900 showed 3 feet of gold-bearing gravel resting on a false 
bedrock and covered by 3 feet of ^'muck." Some of the gold was 
worn and bright, some rough. Most of it was rather coarse. Nuggets 
worth from 25 cents to several dollars were common, and one nugget 
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worth $14.50 was found. Magnetite, garnet, and a small amount of 
seheelite were the heavy concentrates accompanying the gold. 

Cooper Gulch, — Cooper Gulch is a deep gash in the limestcme mass 
of Anvil Mountain, but it also trenches some schist beds. Whether 
its waters flow into Flat Creek or Little Creek is difficult to say, for 
the stream spreads out upon the low fan-shaped deposit at the base 
of a rock bench through which it cuts and is lost on the tundra. A' 
small area near this bench yielded good returns in gold, but in gen- 
eral mining has been conducted with little profit, and for several 
years nothing has been done on the stream. 

Bourbon Creek. — Bourbon Creek empties into Snake Kiver at 
Nome. It is 3| miles long and has one principal tributary or branch, 
Holyoke Creek. Its gold deposits are a concentration from the timdra 
gravels and are not derived directly from a bedrock source. 

Bourbon Creek flows in a broad trench cut in the coastal-plain 
gravels. This trench in its southern part has a width of several hun- 
dred feet and a depth of 12 to 15 feet. Toward the north it disap- 
pears, and the two branches flow through broad, shallow depressions 
in the coastal plain. 

A section of gravel 1 mile from the head of the creek shows the 
following beds: 

Section on Bourhon Creek 1 mile helotc head. 

Feet. 

Mo88 and muck 2 

Bock and blue clay 6 

Gravel 1 

Blue clay i 

SchlBt gravel with gold 1 

Clay "bedrock." 

A second section half a mile farther north showed : 

Section on Bourhon Creek one-half mile heloto head. 

Feet. 

Blue and red clay 4 

Gravel with gold 2 

Sand. 

At the head of Bourbon Creek a small area of gravel mined in win- 
ter and piled in a dump yielded $12 a cubic yard when washed in the 
spring. Another claim a short distance lower on the creek had a 
gold-bearing gravel deposit 10 to 12 feet wide and 5 feet deep, which 
yielded $4 a cubic yard. The figures given represent a gold content 
probably somewhat larger than the average, and although consider- 
able gravel sufficiently rich to yield a profit when worked by the usual 
and more primitive methods has been mined, a much larger portion 
must be handled more cheaply. 

Nearly all the claims on Bourbon and Holyoke creeks are now 
under the control of one company, which has installed machinery for 
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dredging the gravel adjacent to the stream as well as the stream 
gravels themselves. The difficulty to be overc(Mne is found chiefly in 
the frozen condition of the gravel away from the stream channeL 
The gravel near the creek is thawed in sununer, but where ^^ muck '^ 
and tundra vegetation are present it is frozen. Drill holes have been 
put down to bedrock on all the claims and show that gold is present 
in the lower marine gravels as well as in the upper creek deposits. 

DBY CBSEK AND NEWTON OULCH. 

Dry Creek heads in the mountains north of N^e between Dexter 
Creek and the coastal plain and owes its name to the fact that during 
a month or so of a dry summer its upper half contains little or 
no running water. It has an average grade of 95 feet to the 
mile for the 6 miles of its length. About three- fourths of the creek 
lies within the coastal plain, so its placer deposits are partly a pri- 
mary and partly a secondary concentration. The most productive 
portion is in the vicinity of the boundary between the plateau and 
coastal plain, but the concentrated deposits on the lower part of the 
stream are of importance also. 

About a mile north of the present beach auriferous gravels from 3 
to 5 feet thick were found resting on a slightly undulating clay bed. 
This pay streak is said to be 150 feet wide, and where mined to have 
an average value of about $5 a cubic yard. The gold is chunky, but 
pieces of the value of a dollar are rare. The pay gravel rests on the 
clay and is not found in or below it. Hematite, scheelite, and pyrite 
accompany the gold. Magnetite is present in the concentrates on the 
upper part of the creek. 

North of the coastal plain Dry Creek flows through a V-shaped 
valley between Anvil and Newton Peaks. Little bedrock is seen 
along the channel, but the creek crosses the edges of schist and lime- 
stone beds exposed in the mountains on either side. Gravel extends 
from the coastal plain to the bench deposits at the saddle. The pres- 
ent creek bed, however, has produced little gold, although consider- 
able work has been done on it near the mouth of Bear Creek. 

An old channel of Dry Creek about 600 feet east of the present 
stream and 50 feet above it has been an important gold producer. 
This channel has been traced for three-quarters of a mile and has 
almost the same grade as the present Dry Creek. Its pay streak is 
from 20 to 60 feet wide. Partly rounded schist fragments, together 
with quartz and a few pebbles of greenstone and granite, constitute 
the bulk of the auriferous deposit, which is covered by 50 feet of 
gravel, angular schist fragments from the neighboring hills, and 
" muck." Part of the pay gravel is cemented with iron oxide. The 
north and south continuations of the channel have not been discov- 
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ered. At the north end a pay streak 4 feet thick and 60 feet wide 
rested on the schist bedrock and was covered by 20 to 60 feet of loose 
material. This claim is said to have yielded from $9 to $12 a cubic 
yard. 

A short distance south of this locality the pay streak was 20 feet 
wide and was found in a well-defined rock channel. The shaft 
furnished the following section : 

Section in shaft on old channel of Dry Creek. 

re«t. 
Muck and silt 45 

Fine Band ' 5 

Pay grayei |-2 

Schist bedrock. 

It is reported that 6,000 eight-pan buckets from this place yielded 
$16,000. The gold of the old channel is coarse and not much worn. 
Many of the larger pieces contain fragments of quartz. Besides gold, 
the concentrates contain magnetite, ilmenite, scheelite, and garnet. 

Newton Gulch joins Dry Creek about 3 miles from the coast. The 
stream rises on the south slope of Newton Peak, and is thus partly 
within the plateau region. Its branch known as the Ijeft Fork has 
cut a deep V-shaped valley in the massive limestone forming the 
south slope of the mountain, but the only rock exposed in the gulch 
itself, except at the very head, is schist. 

The Auriferous creek gravels do not lie on schist bedrock, but for 
the most part rest on a bed of day. The following section was 
measured near the mouth of the Left Fork : 

Section near mouth of Left Fork of Jfetcton Oulch, 

Ft. in. 

Sandy clay „ 3 6 

Schist gravel with cross bedding 6 

Sand 2 6 

Gravel 7 

Sand and gravel 8 

Pay streak of schist gravel ^ 3 

Clay bedrock. 

Another section still farther up the creek showed : 

Section on Left Fork on Newton Oulch, 

Feet. 

Moss and muck 8 

Sandy clay 8 

Gravel consisting of schist and limestone — the pay streak 8 

Clay bedrock. 

In each of these localities the gold-bearing gravel lay on day that 
was in turn underlain by other gravel of unknown depth. A pros- 
pect hole near the second locality mentioned was sunk 92 feet with- 
out reaching bedrock. 
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Along Newton Gulch the creek gravel disturbed in mining has a 
width of 30 to 150 feet and a thickness ranging from 2 to 27 feet. 
Near the mouth of Newton Gulch the deposit of pay gravel had a 
width of over 100 feet and was from 2 to 6 feet thick. Bedrock is 
27 feet below the surface. The deepest pay gravel was located about 
a mile farther north, and rested on a clay seam 10 feet below the sur- 
face. It is thus seen that there is considerable variation in the oc- 
currence of the gold-bearing gravel as well as of the other stream de- 
posits accompanying it. 

Auriferous gravels were discovered on the west side of the gulch 
three- fourths of a mile north of the forks, and mining has been car- 
ried on there for a number of years, llie pay gravel lies above the 
stream, and the section exposed in mining is : 

Section in Newton Oulch north of forks. 

Feet. 

Tnndra vegetntlon and peat 2 

Sandy aubangnlar gravel 6-8 

Blue clay, false bedrock. 

This deposit does not appear to be directly connected with the 
stream placers. There is no defined channel, and the limits of the 
auriferous gravel are indefinite also. The gold is bright, and most 
of it is smooth. It is said that the average gold tenor of the gravel 
is $2 a cubic yard. 

At the mouth of Newton Gulch the gold is coarse and bright, and 
as a rule the pieces are not much worn. In this locality the gold 
content was probably not less than $15 a yard, but the valuable de- 
posits are very unevenly distributed along the stream. 

NOME BITEB BASIN. 

Nome River, — Nome River rises in the Kigluaik Mountains and 
follows a winding course southward to Bering Sea. The point where 
Buffalo and Deep Canyon creeks join, which is regarded as its head, 
is 26 miles north of Nome. Its valley is wide and is floored with a 
deep filling of gravels into which the river channel is incised to a 
depth ranging from 5 to 50 feet. In several places between Osbom 
and Darling creeks the river flats reach a width of a mile without 
attaining an elevation more than 50 feet higher than the top of the 
river banks. North of Darling Creek the valley narrows decidedly 
and below Osbom Creek it enters the coastal plain. 

The elevation of Nome River at Dexter Creek is less than 50 feet, 
which allows the river below that point an average grade of 4 feet to 
the mile. From Dexter Creek to Hobson Creek the river level rises 
107 feet, or at the rate of 8 feet to the mile, and from Hobson Creek to 
the mouth of Deep Canyon Creek it rises 393 feet, or at the rate of 
^ feet to the mile. 
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No gold placers of consequence have yet been discovered on Nome 
Siver itself, although its tributary, Dexter Creek, has been one of the 
most important gold-producing streams of the region. Fine gold is 
found in the bars of the river, and a first-cla^ modem dredge was 
built about 2 miles below the mouth of Banner Creek to exploit the 
river gravels, but the venture was undertaken witliout properly pros- 
pecting the ground and proved a failure. This is one of the«few 
attempts yet made to work the gravels of Nome Biver in a truly 
commercial way. 

In addition to Dexter Creek, a number of other tributaries have 
either produced important amounts of gold or hold possibilities for 
the future. In the first rank among these may be named Buster, 
Osbom, and Dorothy creeks. Colors of gold, however, may be found 
on almost any stream in the region. 

Dexter Creek, — Dexter Creek, which joins Nome River 7 miles 
from the coast, is the one very rich creek near Nome that was not 
staked by the discoverers of gold on Anvil Creek in 1898. Mining 
began in 1899, and during most of the time since then the creek has 
been a large producer, although at one time its supply of gold was 
thought to be exhausted, ^t present, however, only one or two claims 
are being worked. 

The creek is formed by the union of two small branches, Left 
Fork and Grass Gulch. These streams^ together with Deer Gulch, 
a tributary of Grass Gulch, none of which is more than half a 
mile long, head in the three saddles between Dexter Creek on the 
one side and Nekula Gulch, Specimen Gulch, and Dry Creek on the 
other. From the forks to Nome River the length of Dexter Creek 
is 2\ miles and its grade is 128 feet to the mile. The grade of the 
tributaries, however, is much greater. One other small branch, 
Grouse Gulch, should be named here, as gold has been mined in it. 
Dexter Creek has cut a channel averaging 20 or 25 feet deep in 
the floor of the valley between King Mountain and Newton Peak. 
The walls for nearly a mile within the Nome River valley are made 
up of gravel, but above that portion they consist of schist and lime- 
Ftone of the Nome group. Limestone forms a large part of the 
bedrock. Its surface is deeply fissured, and underground streams 
flow through it. Gold-bearing gravel was extracted from some of 
the cavities to a depth of 30 feet 

The gravel consists essentially of schist, limestone, and quartz, 
but with these rocks are associated rounded granitic pebbles from 1 or 
2 inches to 10 inches in diameter. 

Most of the auriferous deposits that have been exploited were 
situated in the stream channel, yet two or three valuable placers 
were found on the benches above the creek. On the benches gold- 
bearing gravels still remain that will probably yield a profit when 
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mining conditicms, such as water supply and freight rates, are more 
favorable. 

Gold was found near the mouth of Dexter Creek at a depth of 
5 feet below the surface, resting on a false bedrock of blue clay, 
which continues up the stream half a mile. The pay streak had a 
thickness of 3 feet and consisted of schist, quartz, limestone, and a 
small amount of greenstone. The gold was comparatively fine. 
Half a mile above this point the gravel reached a thickness of 6 
feet, but the gold was found in the lower part. Large bowlders of 
limestone occur in the deposits, and a sticky yellow clay is abundant^ 
A nugget worth $22 was discovered here. 

About 1 mile from the mouth of this creek the pay gravel had a 
thickness of 7 feet and a width of 30 feet. It consisted chiefly of 
limestone fragments. 

A short distance above Grouse Creek the loose deposits on the 
north side of Dexter Creek have a thickness of 20 feet. At the sur- 
face is 5 feet of yellow day, which overlies 15 feet of angular and 
rounded fragments of schist, limestone, quartz, and granite. Min- 
ing here extended north into the gravel deposit, which may perhaps 
indicate the west end of the channel mentioned on page 103. 

Near the forks of Dexter Creek the gravel accumulations widen. 
Their depth, too, is greater than on the central part of the creek- 
One pit 60 feet wide and 250 feet long showed from 6 to 10 feet of 
gravel resting on limestone and schist bedrock. The schist is slightly 
decomposed, allowing the gold to penetrate it for several inches; 
hence its upper part must be removed in mining. The limestone is 
much fissured and its surface is rough. 

Gravel accumulations in the fissures were of great richness in 
places but required much labor to remove them. The gold was 
smooth and worn. Underground passages through the limestone 
are sufficiently large to carry away the natural flow of the streams 
as well as ditch water brought from other sources. 

Bench gravels carrying gold were mined on the south side of 
Dexter Creek a mile from the creek's mouth, also on the north side a 
short distance farther west. On the south side of the creek a small 
area of gold-bearing gravel rested on limestone bedrock about 10 feet 
above the creek bed. The gold was taken in large part from crevices 
in the limestone. 

On the north side of the creek the auriferous deposits were col- 
lected in a rock-cut channel 200 feet from the creek and 75 feet 
above it. Gold was found on the bedrock. The channel is nearly 
parallel with the present stream and was doubtless occupied by it 
at one time. 

Grass Gulch. — Grass Gulch from a point near its mouth westward 
for a distance of about one-fourth of a mile has proved to be the 
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most valuable of the Dexter Creek placers. Its gold deposits are 
partly of the elevated-bench type and partly of the reconcentrated 
creek-deposit type.. The stream is slightly more than one-third of a 
mile long and has a grade of about 450 feet to the mile. Deer Gulch 
joins it from the north 100 yards above its mouth. There is little 
or no running water in it during a part of the summer, and nearly 
all the water used for sluicing or hydraulicking is brought by the 
Miocene ditch. 

A large amount of gravel has been taken from a pit that extends 
west from Left Fork for one-fourth of a mile, or nearly the full 
length of the gulch. The bedrock is a rough fissured limestone, from 
whose cavities and crevices the gold-bearing gravels frequently have 
to be removed by hand, as they can not be reached by the stream or 
by water ftom the giant. 

Near the west end of the pit 25 feet or more of gravel, nearly all 
of which contains gold, is exposed. The section shows: 

Section in pit on Orass Ovlch, 

Ft In. 

Mobs and soil 2 

Brown gravel with well-rounded pebbles and clay 6 

Dark gravel streak 3 

Brown gravel with well-ronnded pebbles and clay 

Limestone bedrock. 

Schist, limestone, and quartz make up most of the gravel, but many 
granite pebbles and bowlders also are seen in it. 

The greatest concentration of gold is found on bedrock. In gen- 
eral the gold is well worn and shows the effects of travel. Several 
nuggets of considerable size have been discovered, the largest of 
which was valued at $412. 

Deer CrulcJu — Deer Gulch heads near Dexter station and joins 
Grass Gulch a short distance above the mouth of that stream. The 
bedrock is schist and limestone. These same rocks make up the 
gravel deposits that occupy the gulch and join the bench gravels at 
Dexter. A small amount of gold was obtained from these gravels. 

Left Fork. — Left Fork heads in the saddle between Dry and Dexter 
creeks. Its length is about half a mile and in that distance it falls 
200 feet. The lower part of the stream flows in a channel cut in 
schist and limestone to a depth of 15 to 20 feet. A pay streak in this 
channel is 50 feet wide near the south end of the best ground, which 
extended up the creek for a quarter of a mile from Dexter Creek. 
One nugget worth more than $50 was found. 

GrouBe Gulch. — Grouse Gulch heads near the southeast end of the 
upper channel of the Dexter bench gravels. It is only one- fourth of 
a mile long and falls 200 feet in that distance. Its bedrock is schist 
and limestone, the limestone being limited to the lower end of the 
gulch. 
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Near the upper end of the gulch a section exposed on the east 
side showed : 

SectUm in OrouM ChUch. 

Ft in. 

Mofls 6 

Yellow clay 4 

Stratified aand and gravel 6 

Decomposed schist bedrock. 

In the lower part of the gravel bed a layer of quartz pebbles and 
many large angular pieces of schist (A>ntained some gold. 

A short distance above this point a tunnel was driven from Grouse 
Gulch toward the Dexter Bench channel, and a small amount of gold 
was taken from it 

Buster and Lillian creeks. — Buster Creek flows into Nome River 
one-third of a mile below the mouth of Dexter Creek. It is SJ miles 
long and has an average grade between its nxouth and Grood Luck 
Gulch of 100 feet to the mile^ 

Buster Creek forks 1^ miles above Nome Biver, the western branch 
being called Lillian Creek and the eastern branch retaining the name 
Buster. Above the forks Buster Creek occupies a narrow V-shaped 
valley cut through schist and limestone. Below the forks the valley 
broadens, and for the last half mile of its length the stream flows 
over the gravel floor of Nome Biver. 

Buster Creek has been productive since mining began in 1899, and 
mining is still carried on, although nearly all the creek bed has been 
worked over. The gravel was shallow and the pay streak narrow. 
The richest portion of the creek lies between Davis Gulch and Good 
Luck Gulch. Schist, quartz, limestone, greenstone, and a small 
amount of granite made up the pay streak, which in some places 
rested on limestone and in others on chloritic and graphitic schists. 
The gold was coarse, and where the pay gravel rested on schist was 
found to have penetrated it to a depth of 18 inches. A nugget worth 
$18 was discovered. 

Union Gulch, a steep, narrow gulch on the north of Buster Creek, 
is occupied by a small stream, which cut its channel in schist and 
limestone. The lower end of the gulch has a gravel deposit ranging 
from 10 to 20 feet in width and having a depth of less than 3 feet. 
The gravels here, which are like those of Buster Creek, yielded from 
$3 to $4 a cubic yard. The gold is coarse and iron stained. One 
nugget worth $16 was found. 

A deposit of auriferous gravel was discovered near the mouth of 
Union Gulch, on the hill south of Buster Creek, 100 feet higher 
than the stream and at an elevation of 300 feet above sea level. Two 
pay streaks are present, on above the other. The upper one is 10 
feet thick, but carries only a small amount of gold. The lower one 
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is ixnich richer: It is 3 feet thick and lies in- a well-defined rock- 
walled diannel, which has been traced for about one-eighth of a 
mile. At the west end the northern channel rim disappears and 
the gravel spreads over the hillside. Eighteen feet of fragmental 
material, ccmsisting of sdiist and quartz with bowlders of green- 
stone and granite rocks, is present in the channel, but below the 
channel the thickness of this deposit diminishes to 4 or 5 feet. A 
section of gravel a short distance east is as follow^: 

Section in Union GtUch. 

Feet. 
Mnck and Blldb*rock 18 

Lew-grade auriferous gravel 10 

Muck (probably frozen-slide deposit) 10 

High-grade auriferous gravel 3 

Iron-stained decomposed schist bedrock. 

A gold deposit of similar character was found on Grace Gulch, 
east of this place, at the same elevation and is possibly its continua- 
tion. The gold of the bench is like that of Buster Creek ; it is coarse, 
but large nuggets are rare, and most of it is smooth and worn. Aver- 
age pans from the lower pay streak are said to have contained from 
10 to 18 cents in gold. 

Lillian Creek occupies a shallow channel in a broad valley with 
gently sloping sides. Schist with oCQasional interstratified limestones 
form the bedrock. The gravel deposits are from 3 to 10 feet thick, 
and are in places covered by several feet of "muck." The gold is 
unevenly distributed, and the total production is small. 

O shorn Creek, — Osbom Creek joins Nome River 5 miles from the 
coast and is its longest tributary. That part of the stream called 
Osbom Creek is about 10 miles long, but if the upper end, which is 
known as New Eldorado Creek, were included the length would be 
14 miles. Osbom Creek flows in a broad upland valley, once deeply 
floored with gravel that has since been partly removed. Gravel 
benches are present along much of the stream, especially on the right 
side, and are prominent above St. Michaels Creek. The channel now 
occupied by Osbom Creek is intrenched in the valley floor to va- 
rious depths in different parts of its course. At one point the valley 
walls have a height of 75 feet, but this is exceptional. The stream 
is confined by gravel banks in much of its upper course, but along 
its lower part the channel walls are schist with a few included 
limestone beds and have a height ranging from 10 to 20 feet. The 
width of the flood plain ranges from 100 to 200 feet, increasing at 
one locality, about 2 miles above St. Michaels Creek, to nearly 1,000 
feet. 

TSTTS**— Bull, 533—13 1 
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Schist, quartz, and greenstone are the most common rocks in the 
gravel deposits. Limestone also is present but in smaller amount 
than the three rocks first named. Granite bowlders are numerous on 
the benches ftnd in the stream for several miles above Nome River. 
The great quantity of greenstone pebbles and bowlders is accounted 
for by the presence of the greenstone area west of Osbom Creek. 
Large greenstone bowlders are especially numerous along the lower 
4 or 5 miles of the creek. 

Little mining has been done on Osbom Creek, and that was con- 
fined to the middle portion. The gold-bearing gravels were there 
found to have an average width of 100 feet and to consist of 5 to 6 
feet of rather coarse material resting on a clay bedrock. The gold 
is coarse and bright, and most of it is smooth and well rounded. 
Nuggets worth $1 to $20 were common. It is reported that a yield 
of $2.50 to $4 a cubic yard was obtained. 

Gold is found on St Michaels Creek about three-quarters of a mile 
above its mouth, and a small amount is taken out each year. 

Washinffton Gnlch, — Washington Gulch is about 1^ miles long 
and joins Nome River 3 miles north of the coast. It drains part of 
the south side of Army Peak, but most of the stream lies in the 
lowland bordering the river. Gold is recovered from a deposit of 
fine sand resembling beach sand, which rests on bedrock and averages 
about 10 inches in thickness. 

Dorothy Creek. — Dorothy Creek is a western tributary of Nome 
Biver and joins it 24 miles from the coast. The stream is less than 
3 miles long; it flows in a steep, narrow V-shaped valley, which 
broadens slightly near its head and has a grade of about 290 feet to 
the mile. 

The bedrock of Dorothy Creek includes schist, limestone, and a little 
greenstone. Mineralized quartz veins are numerous. These rocks, 
together with a small proportion pf granite pebbles and bowlders 
from the Kigluaik Mountains, make up the gravel deposits. At a 
point little more than a quarter of a mile from Nome River Dorothy 
Creek leaves the narrow canyon-like part of its valley, and its- gravel 
load is spread out in a broad fan-shaped deposit fxpm 3 to 4 feet 
thick, in which most of the auriferous gravel is found. 

Mining has been restricted to the lower mile of the creek and has 
proved very expensive, so that the profit, it is said, has been small. 
The gold is of lower grade than much of the gold from the Nome 
region and assays less than $15 an ounce. 

Extra Dry Creek. — ^Extra Dry Creek rises on the north side of 
Newton Peak and joins Nome River \\ miles from* Dexter Creek. It 
is 2 miles long and has a very steep gradient. The productive part 
of the creek occupies a narrow gulch cut in chloritic and feldspatbic 
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schists that include a few limestone beds. A section of the gravel 

here showed : 

Section on Extra Dry Creek. 

FeeL 
Mack 1 

Sandy clay 1 

Gravel consisting of schist and quartz 6 

Schist bedrock. 

The gold was coarse in this portion of the creek, but became finer 
downstream. One nugget had a value of $13. The creek appears 
to be exhausted at present, as little work has been done for several 
years. It is probable that the total production is less than $20,000. 

Banner Creek. — Banner Creek joins Nome Eiver 3^ miles north 
of the mouth of Dexter Creek. It is less than 3 miles long and car- 
ries only a small quantity of water. The lower half mile of the 
creek is within the valley floor of Nome Kiver. Above that part 
the creek has cut a deep channel in the schist of its valley. The 
rock exposed is chiefly schist, but much limestone is also present. 
The schist and limestone have been faulted and are cut by quartz 
veins. 

Mining operations on a small scale, yielding a correspondingly 
small production of gold, have been carried on below Slate Creek. 

Basin Creek. — Basin Creek is 8 miles long and joins Nome Kiver 
14 miles from the coast. The lowest half mile of the creek lies in the 
Nome River valley floor, but above that part the stream flows for a 
mile through a narrow valley, which broadens out toward the east 
near the point where the creek forks. There has been some mining 
on Basin Creek between the forks and Nome River valley. 

The bedrock is schist and limestone. Several limestone beds out- 
crop along the lower part of the creek, and a much heavier bed ex- 
tends across the valley near the forks. Heavy limestone beds are 
also seen in the mountains on either side. 

Schist, limestone, and a small amount of greenstone constitute the 
gravel deposits, in which an unusually large proportion of bowlders 
is present- A section of the gravel exposed in mining is as follows : 

Section on Basin Creek, 

Feet. 
t3oil 2 

Rounded credc gravel 3 

CkMirse angular material with clay (the pay streak) 12 

Bedrock. 

At this locality the pay streak had a width of nearly 150 feet. The 
gold was coarse, bright, and rough, and was associated with ilmenite, 
hematite, and scheelite. Nuggets worth $2 were found, some of which 
still showed their crystalline form. It is estimated that the richest 
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gravel carried not more than $6 a. cubic yard, and that the total pro- 
duction did not exceed $30,000. 

The drainage basin is small, yet water was obtained to operate a 
small hydraulic plant A much larger supply, however, would be 
necessary if mining were done on an extensive scale. A gradient of 
about 150 ^t to the mile along the lower half of the creek gives con- 
siderable advantage in the disposal of tailings over many of the other 
streams described. 

Divide Creek. — Divide Creek is a small stream slightly over 1 mile 
long, heading in the saddle between Stewart and Nome rivers. Dur- 
ing the construction of a ditch to carry water to Dorothy Creek 
gravel deposits were discovered in this saddle and along the hill slope 
on the Nome Kiver side. Quartz with free gold was found, and one 
nugget of quartz and gold weighing nearly three- fourths of a pound 
was uncovered. This gold is thought to have come from the slopes 
of Boer Mountain on the north and might perhaps be classed with 
the residual deposits. No attempt has been made to exploit the 
gravel in a systematic way. 

Boer Creek, — Boer Creek has been partly described in connection 
with the residual placers (p. 76), so that now only its creek gravels 
need be considered. It was seen that the creek flows in a steep, nar- 
row valley cut in graphitic schists and limestones. The stream 
gradient is about 500 feet to the mile ; but there is not sufficient water 
for mining purposes, as the entire gathering ground of the drainage 
basin is not more than 1^ square miles. 

Although part of the placer gold taken from Boer Creek is resid- 
ual, another part owes its concentration to stream action. Gold- 
bearing gravels are confined to the narrow creek channel and range 
in thickness from 18 inches to 8 feet These deposits consist of 
schist and limestone, with a large amount of granite from the moun- 
tains on the north. In the channel near the head of the stream is a 
recent conglomerate made up of schist and quartz fragments cemented 
by iron oxide. A similar deposit was noticed on a number of small 
streams in the Stewart and Sinuk river basins. Two grades of gold 
were obtained from this creek ; one assays $18 an ounce, but the other 

is lighter colored and assays only $16 an ounce. 

« 

STREAMS NOT INCLUDED IN NOME; AND SNAKE RIVEB DRAIN AGE. 

Placer gold has been mined on several streams not belonging to 
the Nome and Snake River drainage systems. These streams, how- 
ever, have yielded only small amounts of gold. 

Hastings Creek. — ^Hastings Creek is about 3 miles long and flows 
into Bering Sea 8 miles west of Cape Nome. Its important placers 
belong to the *' second beach," described on page 41. A small quan- 
titv of gold, however, has been taken out near the head of the creek 
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and some from its lower part south of the old beach line. Hastings 
Creek lies within the coastal-plain deposits, and its gold is a recon- 
centration from the tundra gravels. That taken from the lower 
course of the stream was doubtless derived largely from the old 
beach, whidi it has partly removed. 

Fred Chdch. — Fred Gulch is a small tributary of Stewart Kiver 
rising on the north side of Mount Distin. Its upper portion trenches 
the heavy limestones of the mountain, but the lower portion has 
carved its channel in schist and the gravel floor of Stewart Kiver. 
A small amount of gold, probably little more than wages for the 
man working, has been taken from the stream gravels below the 
main limestone mass. 

Hazel Creek. — Hazel Creek, 2 miles long, is a tributary of upper 
Flambeau Kiver. Its upper valley is narrow and steep, but for the 
last half mile of its course it crosses the valley floor of Flambeau 
Kiver. Gold-bearing gravels are found near the place where the 
creek leaves the hills, and a hydraulic plant supplied by a ditch with 
water from the head of Flambeau Kiver was installed to exploit them 
but was not completed when the Survey party visited the vicinity. 

KZOK-BEVOK PI^OEBS. 

Character and distribution, — ^High-bench placers are stream de- 
posits that differ from the stream placers already described chiefly 
in their position relative to the neighboring stream courses. They 
are remnants of deposits laid down by a former drainage system 
and now in large part removed by later stream erosion, including 
that of the present-day streams. 

Elevated gravel deposits are known to be present in several locali- 
ties within the Nome and Grand Central quadrangles. Only a few 
of them, however, have been producers of gold. The elevated gravel 
deposits in the three saddles at the head of Dexter Creek have been 
described. (See p. 39.) They appear in the divides between Deer 
and Nekula gulches, between Grass and Specimen gulches, and be- 
tween the Left Fork of Dexter Creek and Dry Creek. All these 
localities have considerable economic importance, although the de- 
posits at the head of Dry Creek now appear to be practically ex- 
hausted. It is worthy of note that the presence and the probable 
importance of the high-bench placers at the head of Dexter Creek, 
like that of the buried beaches of the Nome coastal plain, were pre- 
dicted by Schrader and Brooks * before these placers were discovered. 

Dexter station. — Dexter station, in the divide at the head of Deer 
Gulch, has an elevaticm of 594 feet and is practically in the lowest 
part of the saddle between King Mountain and Dexter Hill. The 

1 Schrader. F. C. and Brooks, A. H., A preliminary report on the Cape Nome gold 
region, Alaska : Special publication U. 8. Oeol. Surrey, 1900, pp. 12, 16, 20. 



102 NOME Aim OEAKD CENTBAL QXJADBANOLS8, AT.ABKA, 

watershed is only 100 or 200 feet north of it. Placer gold was 
discovered in the gravels near this point in 1900, and mining has 
been carried on ever since, some of the groimd proving to be very 
rich. 
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fiouRi 11. — Sketch mtp showing (by heavy lines) the position of pay streaks or old 
channels in the high-bench gravels at the head of Dexter Creek. 

At Dexter station divide the thickness of the gravel is about 135 
feet The bedrock divide, however, does not correspond with the 
surface divide, but lies several hundred feet north of it, as a conse- 
quence of which the gravel deposit thins out in that direction. 
Gravel extends northeastward on the slope of King Mountain to 
an elevation of 650 feet above sea level, or about 50 feet above the 



HIGH-B£NGH PLACERS. 108 

saddle. It also extends southeastward toward Grouse Gulch, near 
which it finds topographic expression in a broad, low bench, and 
southward toward the head of Grass Gulch, but it is not seen on 
the slope west of the saddle. 

The bedrock is schist, which includes several beds of limestone. 
These rocks are much disturbed, faulting has taken place, and the 
structure is uncertain. Schist, quartz, and limestone form the gravel 
deposits. A few rounded granite bowlders are found, but it is prob- 
able that they occur chiefly near the surface. The fragments are 
angular. Flat pieces of schist a foot or more in greatest diameter 
are numerous, and the deposits have the characteristics usually 
found in stream wash or in rock waste that has not traveled far. 

The rich gold-bearing gravel at Dexter station comprises two 
distinct pay streaks in old stream channels (fig. 11). 

The lower streak lay upon bedrock and extended from the head 
of Nekula Gulch to Deer Gulch, sloping toward the south. It 
was practically at the surface on Nekula Gulch, but is 135 feet below 
the surface at Dexter station. The workings have exposed it con- 
tinuously from Nekula Gulch to Deer Gulch. Unfortunately, min- 
ing began at the north or higher end of the old channel, and although 
the work was carried on from a number of shafts all the gravel 
had to be hauled up the slope before hoisting. The slope in places 
is so steep that two men were required to push the cars. 

The lower pay streak comes to the surface on the Mattie claim, 
north of the station and just east of the head of Nekula Gulch, 
and was worked in an open cut about 30 feet deep. This is the place 
where the high-bench placers were first found and is the north end 
of the pay gravels passing under the divide at Dexter station. 

The upper pay streak lies north and east of Dexter station. At 
a point 500 or 600 feet northeast of the station pay gravel was 
reached at a depth of 100 feet, or 75 feet above the level of the 
nearest part of the lower pay streak. From this place the upper 
pay streak extends northwestward toward Anvil Creek and south- 
eastward across the south slope of King Mountain toward Grouse 
Gulch, in which direction the thickness of overlying gravel deposits 
increases. 

The principal claims located on the upper pay streak are, from 
north to south, the Mattie, which includes the north end of both 
pay streaks; the Lena and Gambrinus, whose common boundary 
line cuts the upper pay streak lengthwise; the Snowflake; and the 
Sugar. Collier visited these workings in 1903, and his notes have 
been used freely in the following descriptions of the bench gravels 
and the placers. 

On the lower or west end of the Mattie claim 30 feet of gravel 
was exposed in a pit measuring 50 by 150 feet. The bedrock con- 
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sists of much-faulted chloritic and graphitic schist with some lim^ 
stone. Small quartz veins cut the schist and have been found from 
assays to carry traces of gold. Bedrock outcrops on the claim near 
the head of Nekula Gulch. The loose deposits exposed in the cut 
comprised 5 or 6 feet of light sandy wash underlain by 25 feet of 
gravel, which rested on schist bedrock. This gravel in places was well 
stratified and of bi*ownisIi color but toward the east contained consid- 
erable clay and was less well bedded. A few granite bowlders were 
found at the surface. Gold was found on bedrock and in the upper 

2 feet of the decomposed schist. It was bright and waterwom, 
averaging about 10 or 12 colors to the cent. 

On the east end of the claim a shaft was sunk 65 feet through 
gravels to schist bedrock, which at this place is 50 feet higher than 
at the open cut. 

Pay gravel was found in a channel ranging in width from 15 to 
150 feet and was traced into the pay streak, of the Lena and Snow- 
flake claims, thus proving it to be a part of the upper pay streak. 
The following section was exposed by the shaft : 

Section in shaft on Mattie claim, near Dexter. 

Wtitt. 
Turf •_ 1 

Sand and gravel 60 

Pay gravel 6-0 

About one- fourth of a mile southeast of the Mattie claim and di- 
rectly east of Dexter station is the principal opening of the Snow- 
flake mine. A shaft 130 feet deep was sunk to bedrock, exposing 
the following gravel section : 

Section in Snow/lake shaft, near Dexter, 

Feet. 
Muck and gravel with bowlders and pebbles of gneiss and 

granite 5 

Silt and gravel 125 

Quartz chlorite schist, bedrock. 

The gravel is nearly all of local origin and is made up of schist 
and quartz fragments showing little wear. Only a few granite 
pebbles were found, and they were at the surface. Most of the rock 
fragments forming the gravel have subangular edges and evidently 
have not traveled far. They are the wash of a small stream. From 

3 to 9 feet of the gravel directly above the schist was gold bearing. 
The pay streak at the foot of the shaft occupied a rock channel 

running S. 60° E. and averaging about 100 feet in width. This 
channel is shallow, the southern rim rising only a foot or two above 
the gold-bearing gravels. 
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Seventy feet east of the foot of the shaft, on the 180-foot level, the 
bedrock pitches below barren gravel, which underlies the pay streak 
at this place. A shaft was sunk here and reached schist bedrock at 
a depth of 100 feet, thus giving a total thickness of 230 feet of gravel. 
The lower end of this shaft followed a slickensided schist wall on the 
south for 15 or 20 feet. There is evidently a fault here extending 
from northwest to southeast, which is older than the gravel deposit, 
for it has not disturbed the gravel. Another pay streak lies on bed- 
rock in this second shaft. 

The surface deposit at the Snowflake claim is frozen to a depth of 
90 feet. Below that the gravel is dry, practically no water entering 
the workings except from the shaft. Gold was found in all the gravel, 
but is not present in sufficient amount to be recovered with profit 
from any of it except the pay streak under the conditions prevail- 
ing at the time the mining was carried on. Only gravel averaging 
from $6 to $7 a cubic yard was hoisted, and doubtless much ground 
remains that would yield good returns if a suitable water supply 
were available, so that the gravels could be handled by hydrau- 
licking. 

The gold was bright and coarse. Its rough edges showed that it 
had not been carried far by the stream. The larger nuggets were 
porous, and many of them included pieces of quartz and calcite. 
One nugget weighing 9 ounces 9 pennyweights was found. 

About 600 feet southeast of tiie Snowflake is the Sugar claim. 
Gold-bearing gravel of low grade was here reached at a depth of 
100 feet; this rested on an older gravel deposit like that at the Snow- 
flake. Drill holes showed that bedrock lies 205 feet below the sur- 
face. The lower deposits contain a small quantity of gold, but only 
those at the 100-foot level were exploited. This pay streak is here 
70 feet lower than at the Mattie claim, 3,000 feet northwest, which 
gives it an average slope of 1 foot in 40 feet. 

About 300 feet southeast of the Sugar claim a shaft was sunk, from 
which the following section was obtained : 

Section in shaft southeast of Sugar claim, near Dexter, 

Mnck and Bllt feet— 4 

Loose gravels with colors do 25 

Decomposed chloritic schist do 51 

Washed gravel and silt inches— 10 

Schist feet— 20 

The 10 inches of washed gravel was thought to be continuous with 
the pay streak of the Sugar claim, but it carried no gold. 

Exploratory tunnels driven along bedrock to the north and to the 
south showed that the gravel pinched out in these directions. Tun- 
nels were driven west and north also in the schist from the bottom 



106 NOME AND GRAND CENTBAL QUADRANGLES, ALASKA* 

of the shaft) and an upraise to the 75-foot level was made in the 
western tunnel without discovering important gold-bearing deposits, 
although a thin bed of gravel containing a little gold was revealed. 

To summarize the foregoing descriptions, it may be said that the 
elevated bench gravels near Dexter station, except a small propor- 
tion of those found at the surface, are of local origin. These graTels 
occupy the saddle between King Mountain and the hill on the south- 
west and mantle the mountain's lower southern slope. In the saddle 
they are 135 feet thick, but about 1,000 feet east their thickness in- 
creases to a maximum of 230 feet North of the divide the gravels 
thin out. 

Two principal pay streaks have been developed and largely worked 
out. The lower one extends from the head of Nekula Gulch to Deer 
Gulch and has a southerly slope. The upper pay streak begins a 
short distance east of Nekula Gulch and extends southeastward to 
the head of Grouse Gulch, a distance of about 3,000 feet. These two 
pay streaks have a difference in elevation of 50 feet at their north 
ends, and east of Dexter station this difference increases to nearly 
75 feet. The lower pay streak lies on bedrock, but the eastern one 
rests in some places on bedrock and in other places on older gravel. 
Gold is not confined to the main pay streak of the eastern claims^ 
for in the Snowflake mine it is found also in another pay streak 
100 feet lower — that is, 230 feet below the surface. It is not known 
whether there is any connection between the lower pay gravels of 
the Snowflake and those found in the saddle, but apparently there 
is none. In general the gold is angular and rough, yet at the north 
end of the lower pay streak smooth, waterwom gold was found. 

Specimen and Grass Gulch divide. — ^The saddle between Specimen 
and Grass gulches is 3,000 feet south-southwest from Dexter station 
and is 50 feet lower, or about 540 feet above sea level. This saddle 
is crossed by the railroad tracks and by the wagon trail. It is occu- 
pied by gravels which fill a narrow rock cut running almost directly 
east and west. At the summit the gravel has a thickness of 106 feet 
The total width of the deposit probably does not exceed 600 or 800 
feet, and development work was carried on along an east-west line 
for about the same distance, although the gravel extends to the heads 
of Grass and Specimen gulches. 

No section was obtained, but the dumps show fine sand and silt 
containing many bowlders of schist and granite. All the material 
is considerably waterworn. On the east side of the saddle, 150 feet 
from Grass Gulch and 500 feet from the railroad, the surface material 
shows 20 feet of yellow clay with some sand and rounded pebbles. 
Granite pebbles are abundant on the surface and appear all along the 
hill slope to the head of Dry Creek. 
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The gold-bearing gravel has a thickness of 6 to 7 feet The frag- 
ments are waterwom and contain much granite, though the chief 
constituents are schist and limestone. The pay streak ranges from 
50 to 80 feet in width and is overlain by clay in some places. The 
gold-bearing gravel lies on bedrock in a fairly well-defined channel 
running from east to west. All the deposits are frozen. 

The gold obtained here was worn and smooth. Many nuggets were 
found and all showed the effects of travel. One nugget, valued at 
$138, was taken from this place. Some of the gravels were very rich, 
but the pay streak averaged probably about $7 or $8 a cubic yard. 

Dexter and Dry Creek divide. — Between Dry and Dexter creeks 
is a broad saddle whose elevation above the sea is 570 feet. It is thus 
24 feet lower than the saddle at Dexter station and about 25 feet 
higher than that at the head of Grass Gulch. This saddle, like the 
other two, is occupied by gravel deposits whose surface is nearly flat, 
but slopes slightly toward the south. The gravel is gold bearing, 
but the rich portion is now worked out 

Development work extended along a nearly north-south line for 
2,000 feet, following a broad, shallow channel in bedrock, in which 
the best gravel lay. Near the summit the channel lies in the middle 
of the saddle ; to the south, however, it is situated a little east of the 
head of Dry Creek. Its highest point is perhaps 1,000 feet farther 
south than the lowest part of the saddle. It slopes to the north and 
ii; 40 feet lower at the north than at the south end. The gravel de- 
posits increase regularly in thickness from 85 feet in the most south- 
em shafts to 70 or 75 feet in the northern ones. East and west from 
the channel line the thickness diminishes rapidly. 

The gravel consists essentially of subangular fragments of schist. 
Much of it Ls f eldspathic ; it is all more or less decomposed and some 
is iron stained. There is a comparatively small amount of vein 
quartz, a large percentage of which is derived from quartz-chlorite- 
fllbite veins such as appear on the hill on the east and on Newton 
Peak. A little limestone also is present, and a very few granite 
pebbles and bowlders are seen. Whether the granite occurs in the 
deep gravels was not determined, but it is common on the hill slope 
to the northwest 

A shaft near the middle of the workings showed the following 
section: 

Section in nhaft on divide between Dexter and Dry creek9. 

Peet. 

Muck and sUde rock 16 

Washed gravel with some gold 12 

Soft sandy soil 2 

Sou, peat, and slide rock 22 

Stream gravel 10 

Decomposed scblst bedrock. 
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None of the deposits are frozen. The bedrock in most places is 
schist, but toward the north schist gives place to limestone. 

Gold-bearing gravel was fomid on bedrock in the broad shallow 
rock channel described. It has a thickness of 2 to 3^ feet and consists 
of light-brown sandy material containing pebbles of schist with some 
<iuartz and limestone. Gold was not confined to this channel, al- 
though the richest gravels were found there. Both on the east and 
west auriferous gravel was worked with profit. The gold was coarse 
and well rounded, yielding probably from $6 to $12 to the cubic yard 
of gravel. Some pans of $3 to $4 were obtained. 

It is possible that the placers found in the old channel 400 or 500 
feet east of the present bed of Dry Creek where it leaves the hills to 
cross the Nome tundra are a continuation of the gold-bearing gravel 
in the saddle at the head of the stream. No connection between them 
has been established, however, and if they were continuous, the inter- 
mediate portion has been cut through by the small easterly tributaries 
of Dry Creek. This old channel has been described in connection 
with the gold-bearing gravels of Dry Creek (p. 90). 

A somewhat similar occurrence of high auriferous gravel appears 
on the south side of Buster Creek and has been described in connec- 
tion with the Buster Creek placers (pp. 96-97). It lies at an elevation 
of 325 feet above the sea, or about 125 feet above the stream, hence 
it is somewhat lower than the high gravels already described. What 
relation, if any, there is between them is not known. 

Sum/mary. — The elevated gold-bearing gravels at the head of 
Dexter Creek are found in the three low saddles in the watershed 
between the Snake and Nome river drainage areas. These saddles 
have elevations ranging from 540 to 694 feet above the sea. The 
deepest as well as the most productive of the accumulations is that 
at Dexter station, where the greatest thickness of gravel measured 
was 230 feet. Next to the Dexter station gravels in point of thick- 
ness are those at the head of Grass Gulch. 

The great mass of the material is made up of subangular frag- 
ments, apparently of local origin, consisting of schist and quartz 
with a small amount of limestone. Clays and sands are associated 
with them. Well-rounded granite and gneiss pebbles are found in 
the surface deposits at each of the localities and are abundant at 
the head of Grass Gulch and on the hill slope at the southeast. At 
the Grouse Gulch locality they are found also in some of the lower 
gravels. 

Gold is present in all the gravels, but only a part of them were 
sufficiently rich to be mined with profit at the time when work was 
being carried on. 

The most important gold-bearing gravel formed well-defined pay 
streaks sloping toward Dexter Creek. These pay streaks represent 
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the beds of former streams, which in some places cut distinct chan- 
nels in the bedrock but in others flowed over older surface accumula- 
tions. Such streams could not exist under present conditions, and it 
is evident that they were part of a drainage system that differed in 
considerable measure from the one we now see. The streams that 
deposited the gravel and gold must have carried much more water 
than collects in the present drainage areas. Moreover, the worn 
granite bowlders and pebbles give conclusive evidence that the top 
gntveis are derived in part from a distant source, although the lower 
beds consist of material like the rock of the surrounding hills. 

In themselves these high gravels give no conclusive evidence of 
land elevation, unless it can be shown that the granite bowlders 
were laid down when this area was below the sea or were deposited 
by a stream near sea level. 

As the three old channels converged in the Dexter Creek valley, 
it is probable that the gold found in Dexter Creek was largely a 
reconcentration from the older gravels. 

BEAOH PLA0XB8. 

General features, — ^The Nome beach placers are of two kinds — 
those of the present beach and those buried in the coastal-plain gravel 
deposits. They do not differ in origin, however. The burred beaches 
were once like the prcvsent one; they were beaten by the waves of 
Bering Sea, like the beach of to-day, and they were washed by shore 
currents such as now sweep along the coast. Their chief peculiarities 
are that they have been covered with a mass of later deposits and, 
with the exception of the " submarine beaches," have been elevated 
above sea level. Some account of the old beaches has alreadv been 
given in the de^ription of coastal-plain deposits (pp. 41H4), but it 
will be necessary to restate some of the important facts and consider 
them more particularly with regard to their economic bearing. 

Five or six ancient beaches, more or less well defined, may be rec- 
c^nized in different parts of the coastal plain and have received local 
names. Many others are reported, and it is evident from a study of 
the way in which the coastal -plain deposits were formed that there 
may be a very considerable number, but it by no means follows that 
they are all economically important. Two of the beaches are of 
esp>ecial interest in a consideration of the placers, because the rich- 
ness of their gold-bearing gravels caused them to be traced for long 
distances and to be studied with great care. They are known as the 
" second " and " third " beaches from the order of their discovery, 
the present beach being regarded as the first Both are nearly paral- 
lel to the present coast line but converge toward it in the direction 
of Cape Nome, where all three come together. The " intermediate 
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beach," the " submarine beaches," and the somewhat doubtful " Mon- 
roeville beach" are not so rich and are less well known. These 
beaches, essentially similar in most respects, form cme of the most 
noteworthy features of the Nome placer district • 

Present beach, — Sixteen miles of coast line is represented on the 
Nome map. The western half of this line is broken by the mouths of 
Nome and Snake rivers and includes the most productive part of the 
present beach. The eastern half is cut by a few minor streams, and 
only one or two small sections of it have been found to contain 
notable amounts of gold. 

This coast line is slightly bowed toward the north, but is so nearly 
straight that one scarcely realizes the curvature as he looks along the 
shore. The beach varies in width from about 250 feet to 300 feet and 
has a southerly slope of about I foot in 10. This slope is greater in 
some places and is less in many places. On the north is a low eseaq)- 
•ment of silt and tundra vegetation locally underlain by ice and hav- 
ing a height exceeding in a few places 8 or 10 feet, though in most 
places not greater than 3 or 4 feet. 

The gravel on the beach surface is mostly rounded quartz assod- 
ated with a considerable amount of schist and a little granite. The 
granite, like the quartz, is well rounded, but most of the schist frag- 
ments, althiough their edges are ground away, have one dimension 
very much smaller than the other two. A few bowlders are seen, but 
in general the pebbles do not exceed 2 or 3 inches in greatest dimen- 
sion. Some of the bowlders were probably carried to the beach by 
floating ice. 

Fine sands predominate near the water, but in the higher part of 
the beach, gravel is more conspicuous than sand. In places the sur- 
face material is almost entirely composed of red garnet, or "ruby 
sand," as it is called. It is especially common near Cape Nome, but 
is found in many other localities. The beds of ruby sand are com- 
monly not more than a few inches thick and extend in a horizontal 
direction for short distances only. Where buried under other gravel 
they lie in lenticular beds exactly similar to those found in the buried 
beaches. This form is characteristic of all the beach deposits. The 
gravel beds are not continuous, like those laid down in deep water, 
but consist of overlapping lenses. Besides garnet, the minerals mag- 
netite, ilmenite, scheelite, pyrite, and mica have been noted in the 
beach sand, but the great bulk of it. is quartz. 

A section of the beach placers shows from 1 to 6 or 7 feet of sand 
and gravel overlying a blue clay " bedrock." The clay bed or rather 
beds, for the clay is not known to extend continuously along the shore, 
slope toward the sea and are nearest the surface at the tipper side 
of the beach — ^that is, their slope is greater than that of the beach. 
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Other thin clay beds or seams are distributed in the gravels above 
them. 

Most of the beach gold was found to be concentrated in the sands 
overiying the blue clay, but in places more than one pay streak was 
uncovered. The principal pay streak ranged in thickness from 6 
inches to 2 feet. In nearly all places where gold was found in quan- 
tity a large amount of ruby sand was present in the pay streak and 
usually some magnetite also, although magnetite constitutes but a 
small proportion of the concentrates. 

The pay streak, like the other gravel deposits, was lenticular, its 
dimension parallel to the shore being greater than at right angles to 
it. Gold was much more highly concentrated in some localities than 
in others. The richest sands are said to have carried about $1 to the 
pan. That part of the beach adjacent to the mouth of Snake River 
yielded a major portion of the bench production, yet the whole coast 
line from Cape Nome to Penny River afforded valuable gold-bearing 
gravels. The gold averaged from 70 to 80 colors to the cent and was 
therefore regarded as fine gold. Coarser gold has been found in a 
few places, but nuggets worth a dollar were rare. On the sandspit 
between Snake River and the sea coarse gold with nuggets up to the 
value of $6 and $8, similar in character to gold found on the lower 
end of Bourbon Creek, was taken out. There still remains much 
gold in the present beach at Ncnne, and eadi summer a few men may 
be found washing the sands^ but the most highly concentrated de- 
posits have been removed, and the ground has been so thoroughly 
searched for rich spots that only by handling the gravels in a large 
way and with machinery for saving all the valuable content could 
mining be carried on with much profit. One curious feature of the 
beach gold is that much of it is now found to be amalgamated with 
mercury lost from the sluice boxes. There is so much mercury in the 
beach that one can hardly wasTi a pan of the lower gravel without 
finding the little white globules. 

Second beach. — ^The second teach was the earliest of the ancient 
buried beaches to be discovered, but did not attract attention till two 
or three years after the gold deposits of the present Nome beach were 
found and was not itself thoroughly exploited till a year or more after 
its deposits became known. It extends eastward from a point about 
two-thirds of a mile north of Nome for 8^ miles to Hastings Creek, 
where its distance from the sea is about a quarter of a mile. 

During the winter of 1904-5 many holes were sunk along the line 
of this beach between Nome and Hastings Creek and helped to deter- 
mine more accurately than before the location and position of its pay 
gravel throughout the greater part of its extent. The pay gravel lies 
at the foot of a well-defined bench, which is continuous throughout 
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much of the portion of the beach mentioned, except where it has 
been cut through and removed by some of the larger streams. The 
pay streak, as is well shown by the line of tents and cabins erected 
on the claims alcMig its course, forms a nearly continuous depoeit 
almost as constant in direction as the present beach, to which it is 
approximately parallel. 

The gold-bearing gravel, which rests on a clay or in places a gravel 
'^ bedrock,^' ranges in thickness from 3 or 4 inches to 2 or rarely 3 or 
more feet and lies, as a rule, from 20 to 35 feet below the surface. 
On several claims its depth below the surface is about 40 feet and in 
a number of places it is less than 10 feet. The width of the gold- 
bearing deposit ranges from 25 to 100 feet, but averages between 35 
and 40 feet. At three widely separated localities its altitude above 
sea level is 37 feet. It has also been observed that the pay streak 
has a dip toward the south amounting at one point to 4 or 5 feet in 
the width of the pay streak at that place, which was 50 feet. In 
some places — for example, on Peluk Creek, Otter Creek, and Nome 
Kiver — ^the gold-bearing gravel is less regular in its longitudinal ex- 
tent and appears to have been cut through or scattered by the 
streams. Possibly there were indentations of the shore line at the 
mouths of these streams interrupting its regularity, although there 
are none along the present beach, the mouths of streams being char- 
acterized rather by delta deposits. 

The gravel from which the gold is taken is a true beach deposit 
and, like the beach material of to-day, contains a large amount of 
" ruby sand " and some marine shells. Walrus tusks and driftwood 
have been taken from several shafts. 

All the deposits from the surface down are permanently frozen. 
The gold is fine, like that of the present beach, yet in one place near 
Otter Creek nuggets were found, and according to T. M. Gibson were 
probably derived from a near-by schist ridge slightly above the 
beach level. The gold deposits of the second beach were much 
smaller in amount than those of the present beach. 

Third beach. — ^The third beach was discovered late in the fall or 
early in the winter of 1904. During the following summer opera- 
tions on it were confined to the immediate vicinity of Little Creek, 
and not till the winter of 1905-6 was its eastward extent determined 
and the ground opened for mining. This old coast line skirted the 
hills back of Nome and extended in a broad arc, bowed toward the 
north, from Cape Nome on the east to Cape Rodney on the west — a 
distance of 27 miles. At Little Creek, where it was discovered, the 
third beach is 3^ miles from the present beach, but eastward from 
that point the two gradually converge. The third beach lies above 
present sea level at an elevation variously given as 70 to 79 feet, 
depending probably on the part of the deposit chosen for making the 
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measurement. It is thus above the level of Nome and Snake 
rivers at the points where it intersects their courses. These two 
streams flow through valleys in the coastal-plain deposits that are 
younger than the third beach, and in forming these they removed 
parts of the third-beach deposits, making two important gaps in the 
beach within the area considered. A smaller gap, formed by 
Hastings Creek, should also be mentioned. The gap at Nome River 
is 2| miles broad; that at Snake River extends west from Little 
Creek at least as far as Sunset Creek. 

The best-known and richest part of the third beach is between 
Liittle Creek and the head of McDonald Creek. East of Nome River 
the gold content is much smaller, and so far as is known at present 
the beach deposits are less well defined. The gold-bearing gravel lies 
at the same elevation above the sea wherever the elevation has been 
determined, but its depth below the surfa'ce depends on the surfa(*e 
topography. Where valleys are cut below the deposit it appears at 
the surface, and it lies at a maximum depth of 120 feet near the head 
of Bourbon Creek. 

The beach deposits are of marine origin, yet some of the rich gold- 
bearing gravel associated with them and a great deal of the over- 
burden are not. This is evident from the character of the gravel. 
The difference between marine and stream deposits is noticed inYx)th 
their vertical section and their horizontal distribution and is well 
shown in the stretch of beach between Little and McDonald creeks. 
Near Little Creek stream deposits are intermingled with well- washed 
marine gravel and form a large proportion of the whole. Toward 
the east the amount of stream gravel decreases and marine gravel 
becomes predominant. 

Mining operations and drilling* have shown that the third-beach 
deposits between Little Creek and a point about halfway between 
Newton Gulch and Otter Creek rest for the most on a bedrock 
of schist having small included beds of limestone. The bedrock dips 
gently below the third beach from the vicinity of Otter Creek to 
McDonald Creek, where it is 20 feet lower, then falls more steeply 
to a point below sea level near Nome River, rises within 12 feet of 
the third beach near Irene Creek, and finally pitches below sea level, 
not to rise again to the third-beach level till the hills of Cape Ncxne 
are approached. 

A description of the unconsolidated depoedts overlying the third 
beach has been given (pp. 41-42) . They consist of a varied association 
of marine and stream gravel and sand overlain by and in places 
interstratified with "muck" and vegetation. The third beach de- 

^ The writer is indebted to the paper by T. M. OibBon pre^oasly dted for some of the 
facts concetnine the Nome beaches, particularly the third beach. 

75778**— Bull. 53a— X3 8 
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posits resemble those of the present beach in most respects, except in 
the important one that they contain a greater proportion of stream 
gravel in certain places. They have a thickness ranging from 5 to 12 
feet and a width, including the so-called " slough over," of 300 to 600 
feet. The " slough over " is a minor line of marine deposits lying 
immediately south of the main beach and containing a pay streak of 
considerably smaller value. It is separated from the third beach by 
a narrow zone occupied in part by a bed of quartz cobbles and small 
bowlders. Its origin is not known with certainty, but it has been 
explained as an off-shore bar. 

The third beach, like the present beach, has a slope of about 1 foot 
in 10, but is slightly steeper in the seaward than in the shoreward 
half. It is made up of elongated, lenticular beds of gravel and sand 
laid down by the waves, but at three localities the ancient streams 
that emptied into the sea along this beach have contributed quanti- 
ties of debris that obscured the character of the marine deposits. 
These localities are at Little Creek, the old mouth of Anvil Creek; 
near the head of Bourbon Creek, the old mouth of Dry Creek; and 
near Irene Creek, where, with little doubt, Osbom Creek once joined 
the sea. 

The placer deposits in the vicinity of Little Creek have been de- 
scribed as follows:* 

The gold deposits are deep. The average depth of the various shafts is be- 
tween 80 and 35 feet, but this is exceeded in a few instances and reaches 50 
feet A heavy covering of muck and moss, with a thickness varying at different 
piaces from 12 to 23 feet, overlies the gravel, and aU is frossen from the moss 
down. The gravels are not entirely similar at all localities, either in the 
thickness or in the character of the beds. Some deposits are apparently well- 
washed beach sand, others were without doubt laid down by streams. At a 
distance of 1.000 or 1,200 feet east of the railroad track beach wash with a 
thickness of 5, possibly 7 feet, rests directly on bedrock (mica schist), and is 
overlain by stream deposits. A short distance west of this the gravel lying on 
bedrock is probably of stream origin. Still farther west, near the railroad, 
thin beds of clean rounded gravel are in terst ratified with stream wash. Beds 
containing bowlders up to a ton in weight overlie the workable gravels in some 
places and are a constant source of danger in mining, especially during the 
summer months, when the roof is weakened by thawing. These bowlders are 
also present on the bedrock and are found not infrequently in the mock overly- 
ing the gravels. 

Nearly all the deposits from the surface to bedrock carry a certain amount 
of gold, but the rich gravels are found well down, in some places resting 
directly on the schist and In others at a height of 5 or 6 feet above it. The 
gold-bearing gravels of present economic importance have a thickness of be- 
tween 4 and 5 feet, but in one instance, where the material removed formed a 
lenticular mass, the thickness was 16 feet Thin elongated lenses or beds of 
reddish sand, called " ruby sand," whose color is due in some cases to small 
grains of red garnet and in others to iron oxide, occur throughout the pay 

' Mofflt, F. H., Gold mining on Seward Peninsula : Dull. U. S. Geol. Survey No. 284, 
1906, p. 184. 
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gravel, many of which contain enough gold to be easily seen, even when hastily 
examined. Mica schist. In which occur occasional thin limestone beds» forms 
the true bedrock, but the so-called "bedrock" on which the gold lies Is In 
some places the schist, in others a clay streak, and in one place gravel cemented 
with calclte deposited by circulating watera Part of the gold is fine, bright, 
and flaky; part Is coarser, containing many nuggets of 5 and 10 cents, with 
occasional larger ones, some of which are valued as high as $20. 

This description applies to a part of the beach where both the 
ancient stream placers of Anvil Creek and true beach placers were 
mined and at first were not clearly distinguished. Farther east 
there was no doubt about the origin of the gravel deposits, as the 
contributing streams were smaller and carried less debris to the sea. 
Beach deposits were there developed in characteristic form. In that 
part of the beach the pay streak had a width of 25 to 100 feet and 
rested in some places on bedrock, in others on gravel, and near Mc- 
Donald Creek on fine sand. The upper streak is separated from 
the lower or " slough over " streak by a zone of barren ground, al- 
ready referred to, 100 feet or more in width. It is invariably richer 
than the lower streak, which in places is absent. Gold is not evenly 
distributed throughout the old beach, for in contrast to the extraor- 
dinarily rich gravel of such claims as the Portland, May Fraction, 
Bessie, and others in the vicinity of the old Anvil Creek channel 
there are claims or parts of claims which are of little value at the 
present cost of mining, because although the deposits of beach gravel 
are continuous across them the gold is much diminished in quantity 
or is lacking. Such poor spots are locally known as blanks and are 
places where conditions were evidently unfavorable for the concen- 
tration of gold. 

Blanks have been found in places where the ancient sea beat 
against a low cliff of bedrock and a considerable depth of water was 
maintained or the slope was too steep to permit the formation of 
the ordinary beach deposits. Places of this kind may be compared 
with the present shore line at Cape Nome, although no cliffs of 
such size as those on the cape were present along the third beach, 
except perhaps at its eastern end. Other blanks occur where the 
coastal plain was low and flat, permitting the tides and waves to 
sweep over a wide area. Each of these conditions is of a kind to 
prevent the milling and sorting of material such as goes on con- 
stantly along the present beach. 

East of Nome River the third beach is only partly exposed and 
the auriferous deposits are of low grade compared with those west 
of the river. Some of it, including what was once probably the 
mouth of Osbom Creek, has been mined profitably. This better part 
undoubtedly owes its higher gold content to the presence of the 
stream that emptied into the ocean here. The beach deposits lie 
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on other gravel, and true bedrock is nowhere present. Farther east 
drilling indicates that the beach is less well developed. Finer gold 
is found there than on any other part of the beach. 

In addition to the major differences in concentration of gold 
along the third beach, such as are due to direct contribution by 
streams and such as are seen in the so-called ^^ blanks,'^ there are 
many minor differences. The gold is not evenly distributed through 
any of the gravel. The writer was informed that in the shallow 
indentations, which are found here and there along the beach, a 
greater concentration of gold took place on the eastern than on the 
western side, and that in one or two places where low ridges or rolls 
of bedrock reached the surface and projected slightly seaward from 
the beach, exceptional amounts of gold were found on their western 
sides (fig. 12) — a position of maximiun concentration corresponding 
to that in the indentations just mentioned. This would indicate that 
the distribution of gold in the gravels was influenced largely by the 

prevailing direction of ocean waves and currents, although it is un- 
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Figure 12. — Diagram showing concentration of gold in shallow depressions or on sides of 

cusps of the third beach. 

doubtedly true that very rich deposits, such as occur at Little .Creek 
and Bessie Beach between Holyoke and Bourbon creeks, are due to 
their nearness to the source of gold or to streams that brought it to 
the sea, as the character of both the gold and the gravel would point 
to this conclusion. On the western part of the beach the gold is on 
the average much coarser than at the eastern end, where it resembles 
in appearance and approaches in fineness that of the present beach. 

The gravels of the west end, by their diversity in character and the 
large amount of coarse, angular stream wash they contain, show that 
the conditions under which they accumulated were less uniform than 
those prevailing farther east, and that at one time stream deposits 
were being laid down and at another time sea deposits. 

In general, the gravel along the third beach is frozen fpwn top to 
bottom, but in places there is no frost. These unfrozen areas are dis- 
tributed irregularly, and their presence has never been satisfactorily 
explained. Their location is of great importance to the miners for 
two reasons. Mining can be carried on in frozen ground without such 
care and expense for timbering shafts, tunnels, and stopes as is neces- 
sary in unfrozen ground. Areas of unfrozen ground surrounded by 
frozen ground act as reservoirs for collecting surface water, which, 
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when tapped in mining, can be prevented from flooding the workings 
only by the use of pumps, and thus greatly increase the cost of recov- 
ering the gold. On the Bessie claim, near the head of Holyoke Creek, 
the boundary line between thawed and frozen ground was located by 
drilling^ and care was taken not to bring the workings too close to 
the unfrozen area. Thawed ground is in some places overlain by 
frozen ground, and in one or two places is known to be underlain by 
it also. The presence of thawed gravel appears to be due, in part, at 
least, to the circulation of water through the ground, hence it seems 
more probable that the thawed areas have been slowly encroaching 
on frozen areas than that the reverse is true. 

The remarkable richness of some of its gravel was such as to dis- 
tinguish the third beach above all the other coastal-plain gold placers. 
Probably not less than $6,000,000 was produced from it in the four 
years 1905 to 1908. It is stated that pans of gravel could be selected 
from the richest spots that would yield $500 or more, and that from 
the May Fraction in an area 100 feet long and 15 feet wide more 
than $330,000 was taken, 90 per cent of which came from the bottom 
3 inches of the pay streak. 

In summarizing the facts regarding the third beach, it may be 
said that the gold deposits lie at an elevation of 70 to 79 feet above 
sea level but are buried under a mass of later deposits — partly 
marine, partly laid down by streams — ranging in thickness from 25 
to 120 feet. They dip toward the south with a slope of approxi- 
mately 1 foot in 10 and in some places rest on bedrock^ in others on 
gravel, and near Nome River on fine sands. 

There is a marked difference between the west and east ends of the 
known portions of the beach, shown by a greater quantity of angular 
stream wash intermingled with marine gravels and sands at the west 
end and a correspondingly greater quantity of fine gravel and sand 
at the east end. This difference is shown also by the character of 
the gold, which at the east end is like the gold of the present beach, 
but in the vicinity of Little Creek is coarse and heavy with nuggets 
up to $20 or more in value. 

Intermediate beach. — The intermediate beach was discovered near 
Center Creek in the winter of 1905-6 at a point 1} miles from the 
present beach. It has been traced eastward to Dry Creek, but 
beyond that point its course is not determined. The beach deposits 
rest on a bedrock of schist with a surface sloping gently seaward and 
have an elevation of about 21 or 22 feet above sea level. They are 
thus lower than either the second or third beach and give valuable 
assistance in determining the relative ages of those beachevS. 

The total thickness of coastal-plain deposits along the known part 
of the intermediate beach ranges from 30 to about 70 feet, of which 
the beach material constitutes from 6 to 12 feet and occupies a zone 
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several hundred feet wide. Black graphitic schist is an important 
constituent of the pay gravel, which ranges from 1 to 3 feeb in thick- 
ness, rests on true bedrock, and is characterized by so many fossil 
shells that it is sometimes called the '^ clam-shell beach." There is, 
however, considerable variety in the appearance of the beach de- 
posits. In some places the rock fragments are not well rounded and 
are mixed with a large proportion of mud, in others fine sand is pres- 
ent, and in one place the gravel beds of the pay streak were separated 
by a layer of muck and were overlain by a bed of well-rounded 
bowlders, some of which were 2 feet long. 

The gold of the intermediate beach is fine and is associated with 
small amounts of pyrite, arsenopyrite, and magnetite or ilmenite. 
Beds of ruby sand occur in smaller number than on the present and 
second beaches. 

^'Submarine " beach, — ^The " submarine " beach was discovered in 
1907 at 1^ point west of Snrfke River and nearly south of the pump- 
ing plant, where it is about one- fourth of a mile north of the present 
beach. It has been traced westward from that point for about 2 
miles, aoid beach deposits thought to be its eastward continuation 
have been found at Dry Creek. This beach is 19 feet below sea 
level and forms the base of a coastal-plain section that includes 
from 50 to 55 feet of gravel overlain by 10 to 15 feet of muck 
and vegetation. The auriferous gravel has a thickness ranging 
from 1 to 3 feet. In some places it rests on schist bedrock ; in others 
on older gravel deposits that fill the depressions of the undulating 
bedrock surface. All the deposits are frozen. This condition is a 
great advantage in mining, but is partly offset by the treacherous 
character of the roof resulting from the fact that the contact between 
the sand and gravel layers is a plane of weakness and permits masses 
of gravel to scale off and drop into the stopes. The gold is coarser 
than that of the other beaches and is more uniformly distributed 
throughout the pay gravel. Nuggets with a value as high as $10 
to $12 have been found. Sulphides accompanying the gold are 
more abundant than in the other beaches. They include both pyrite 
and arsenopyrite and are associated with a little magnetite and 
ilmenite. Beds of ruby sand are not present in the beach, yet garnet 
is found in the concentrates. 

The character of the gold deposits of the ^^ submarine" beach 
where first discovered leads to the belief that they are not typical 
of concentration due to the action of surf alone, but, like those of 
the third beach in the vicinity of Little Creek, are in part the con- 
tributions of an old stream, possibly Anvil Creek, which have been 
distributed by the waves and shore currents prevalent at the place 
where they reached the sea. 
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Another so-called submarine beach, very little known as yet, is 
present 300 to 1,000 feet south of the one just described and 15 
feet lower, or 34 feet below sea level. It lies on a false bedrock a 
few feet above true bedrock and 60 to 70 feet below the surface 
of the coastal-plain deposits. There has been no gold production 
from this beach, as the gold content of the gravel is small. The 
gold is fine and is associated with a considerable amount of heavy 
concentrates, consisting largely of well- formed crystals of arsenopy- 
rite. Pyrite and chalcopyrite also are abundant, and magnetite and 
ilmenite are present Garnet, just as in the inner ^^ submarine" 
beach, appears in the concentrates but does not form an important 
part of them. 

MonroeviUe beach, — ^The deposit of auriferous gravel usually re- 
ferred to at Nome as the " MonroeviUe beach " is not a typical beach, 
and there is doubt as to its exact character. It lies about halfway 
between the intermediate and third beaches, extending in a nearly 
east-west direction parallel to them, and has been traced for ne^irly 
a mile between Little and Holyoke creeks. It thus lies immediately 
south of that part of the third beach which intersects the old chan* 
nel of Anvil Creek. The pay gravel rests on bedrock at an elevation 
of 33 feet above sea level. It; has a width from north to south rang- 
ing between 300 and 500 feet, is little more than a foot thick, and is 
overlain by 50 feet of frozen gravel and muck. It contains much 
coarse material, probably of stream origin intermingled with beach 
wash. This composition, together with the lack of ruby sand and of 
stratification, which are found in the typical beach deposits, ac- 
count for the questions that have been raised concerning its char- 
acter. 

The gold is present in the gravel pay streak and in the 2 or 3 feet 
of schist underlying it, both of which are removed and put through 
the sluice boxes. In the richest part of this beach the gold is coarse, 
containing a large proportion of nuggets, but both to the east and to 
the west the coarseness decreases till the gold takes on the character 
of that usually found in the beaches. It is associated with a large 
amount of pyrite and arsenopyrite and a little magnetite. 

There seems to be little reason to doubt that the peculiarities of 
this beach are due to the fact that its gold deposits are situated, just 
as on the third beach, at the place where beach deposits and stream de- 
posits were intermingled and neither was developed in its usual form. 
Another explanation that may have some validity, although no 
definite evidence for it is available, is that some of the gold may be 
concentrated very near to its original bedrock source. 

Origin of the beach placers, — It has been seen that the buried 
beaches differ only in minor ways from the present beach, and it is 
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probable that all were formed in essentially the same manner. It 
is also probable that the causes leading to the concentration of gold 
in one beach were those leading to its concentration in the others, 
and that the immediate source or sources of the gold were the same. 
There is roc»n, however, for difference of opinion as to the manner 
in which the concentration took place. 

Three explanations for the origin of the beach placers may be 
considered — (1) that they are due to concentration, by wave action, 
of gold widely distributed in small quantity through the tundra 
gravels; (2) that the gold was brought to the coast from its bedrock 
source by streams and then carried along the beach by waves and 
ocean currents; (3) that the concentration results from both the 
causes just mentioned acting together. 

Qo\d is found in all the tundra gravel deposits wherever they have 
been tested. The amount, however, except where concentration has 
taken place, is too small to pay for mining under present conditions 
and by the methods now in use at Nome, unless dredging proves to 
be sufficiently economical. The gold is fine, is present in the muck 
as well as in the gravels, and is even reported to have been found in 
or on some of the ice beds. Because of the small quantity in the 
gravel other than the pay streak of the beaches or streams and the 
fact that it can not be recovered economically, few if any attempts 
have been made by prospectors to determine the amount present. It 
is estimated, however, by some of those who have put down shafts 
along the beaches and elsewhere that the average content is about 10 
cents to the cubic yard. In places it is several times as great. These 
estimates were based on panning tests and may be too large, but 
they indicate that the tundra gravels must be considered as a source 
of part of the beach gold deposits. 

An explanation for the ccmcentration of gold fi*om the coastal 
plain was proposed by Schrader and Brooks and was later elaborated 
by Brooks,* from whom the following is quoted : 

In the "Preliminary report" Mr. Schrader and the writer advanced the 
theory that the gold was concentrated from the coastal plain gravels by the 
wave action which cut the seaward escarpment of the plain. The diagrammatic 
sketch which we published to Ulustrate this point is here reproduced [fig. 13 J. In 
this sketch the edge of the coastal-plain escarpment is marked, and the position 
of the beach placers In reference to it is shown. During high storms the waves 
even now reach the margin of the escarpment and cut away the base of the 
bluff. The materials which go to make up the coastal plain are sorted by this 
wave action, and the heavier particles, such as the gold« sink into the sand. It 
is a well-known tact that this fine gold will make its way through sand for some 
distance, provided its passage is not interrupted by any impervious layer. This 
downward movement is brought about near the surface of the beach by the 
constant motion which is given the sand by the waves. The percolating waters 

^ Brooks, A. H., and others. Reconnaissances of the Cape Nome and Norton Bay regioni. 
Alaska, in 1900 : Special publication U. S. Geol. Survey, 1901, p. 89. 
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wlU also help to carry tbe Kmlns of gold downward. It should be noted here 
tbat tbe beach sand, being well drained, is not frozen In aommer. In tbe courae 
of Ita downward passage tlie gold Qnally reachee a cla; layer and here becomes 
concentrated as It Ib found. There 1b another factor which mny have nrcelerated 
the downward movemeota of the heavier particles. In the spring mouths south- 
erly storms frequently pile up the Ice on the Nome bench to a great helgbt 
When large does are driven ashore on the shelving bench they must enuse con- 
alderable movement in the underlying sanda, end this motion is probably trana- 
mltted to a d^th of several feet, and causes a disturbance among the grains of 
sand. A sort of sifting process would take place by which tbe heavier particles 
would always descend and evenlunlly be concentrated beyond the line of move- 
ment or on impervious layers which they could not penetrate. 

If we assume from our knowledge of the width and slope of the 
present beach that the goW in it was concentrated from a prism of 
gravels whose cross section is a right triangle with sides of 15 and 
300 feet — that is, with an area of 250 square yards — and that the gold 
content of the gravels is 10 cents to the cubic yard, we get a value of 
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$25 to a linear yard or $43,000 to a linear mile of the beach. The 
gold production of the beach is over $1,000,000, all of which was 
obtained within a portion 20 miles long and most of which came from 
a portion less than 10 miles long. The valuation of $43,000 a mile is 
thus too small for the beach. This deficiency may be accounted for 
in several ways — too small a prism of gravel was used, or too small a 
gold content was assumed, or gold has been contributed to the beach 
in some other way. Finally any two or all of these variables together 
may have helped to produce the difference. 

Again, there are places along the beach where the pay streak is said 
to have produced $1 to the pan or about $150 to the cubic yard. 
Assuming that the width of this pay streak was '20 yards, or less than 
one-third the average width of the beach, a value of $3,000 to a linear 
yard of beach is obtained. It was a matter of common observation 
that the gold was not distributed in anything like regular manner 
along the beach, and it is evident that if the beach gold were all 
derived from coastal-plain gravels their gold content was not dis- 
seminated at all uniformly through them, or else some other cause has 
operated to move the gold horizontally along the beach, so as to give 



122 NOME AND GRAND CENTRAL QUADRANQLES, ALASKA. 

the very rich concentrations and the intermediate stretches of smaller 
value that exist. 

The streams reaching Bering Sea near Nome — for instance, the 
two tributaries of Snake River, Dry and Bourbon creeks—cross 
the richest portion of the tundra. If with these are included Anvil 
Creek and Newton Gulch the list comprises the important gold-pro- 
ducing streams flowing south from what is known to be the chief 
area of mineralization of the region. These streams, more especially 
those crossing the tundra, derived their gold from two sources. 
Part was received from the bedrock of their upper portions and part 
is a concentration from the tundra gravels. They have fairly well- 
defined pay streaks corresponding more or less closely with the pres- 
ent stream channels. To what extent gold is carried downstream 
under such conditions it is perhaps impossible to state, but it is cer- 
tain that much of the gold of the tundra gravels near the beach must 
have traveled south at least 4 miles before reaching its present resting 
place, and it is reasonable to suppose that streams may carry gold in 
their channels equally far. There can be little doubt that part of 
the gold, although possibly a small part, was not liberated from the 
inclosing quartz or schist until the fragments containing it had trav- 
eled far from their original source. Grinding by pebbles in the 
streams and milling by the surf may be confidently referred to as 
two processes by which gold is freed from the rock, and it is evident 
that nuggets or heavy particles of gold could be transported by 
water more easily as parts of pebbles or bowlders than as free metal. 
Fine gold is readily carried by currents of water, and its presence 
at a distance from its source is more easily explained than is that of 
coarse gold. It is possible to account for coarse gold on the present 
beach without proving the ability of a stream to transport nugget- 
in the form tliat they have when found, and it is believed that part 
of the beach gold was carried to its place directly by streams. The 
gold found on the sand spit between Snake River and the beach and 
on the lower end of Bourbon Creek bears evidence of this. It is 
heavy and coarse like stream gold and is altogether different from 
that usually found on the beach. 

It has been urged that if the gold of the Nome beach had been 
brought to the sea by streams and then distributed along the beach 
by waves and ocean currents, the concentration would have taken 
place on only one side of the stream. It is true that there is a pre- 
vailing current along nearly all coasts, and that the mouths of the 
streams entering Bering Sea give evidence of such a current here 
that would carry material in one direction, yet we know from obser- 
vation that currents set both ways along the coast at Nome and that 
although there is now a prevailing westerly direction of movement 
it is not the sole one. Aside from this consideration, it is certain 
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that the waves are far more effective in moving the sands and gravel 
of the present beach than the ocean currents, and that the direction 
in which they move the material depends on the direction of the 
winds. An interesting fact connected with this question is that fine 
gold and mercury are found in the top sands of the bars off the Nome 
beach. The mercury and possibly the gold also were carried there 
since mining began on the beach. 

A second objection to the supposition that gold has been brought 
to the beach by streams is that little gold is found on the river bars. 
Although this is true, it is also true that both Bourbon and Dry 
creeks are gold bearing within a short distance of the beach, and 
that coarse as well as fine gold is found in Snake River only a short 
distance from its mouth. Part of this gold is much coarser than 
any found on the first or second beaches and resembles gold from 
such a stream as Anvil Creek far more than that from the beaches, 
except some parts of the third beach. 

Finally, it is urged that the gold is too coarse to be carried by 
ocean currents, but this objection holds equally or better against 
the original distribution of gold through the tundra gravels, which 
near Bering Sea are chiefly marine. 

The richest part of the present beach corresponds in position with 
the richest parts of the old beaches so far as they are known, also 
with the most productive streams — ^that is, it lies directly seaward 
from the area from which the gold is believed to be derived. It is 
certain that the gold of a part of the third beach, especially in the 
vicinity of Little Creek, was deposited near the mouth of a stream 
or the mouths of several streams. The character of both the gold 
and the gravel indicates this. On most of the third beach, however, 
the gold is like that of the present beach and was probably con- 
centrated in the same way. 

It seems a fair conclusion, therefore, that the beaches, both ancient 
and modem, have derived their gold from two immediate sources, 
a part having been brought to the sea by streams and a part con- 
centrated from older gold-bearing gravels* Yet even the stream 
gold, it must be remembered, has been repeatedly concentrated from 
older deposits, the whole process forming a cycle of events which it is 
now impossible to trace. 

oaAYEirPLAnr plaoebs. 

A number of less important placer deposits that have yielded gold 
apparently do not belong under any of the headings given. They 
do not occur as well-defined concentrations, such as are found in the 
stream-bench or beach placers, but as irregular accumulations dis- 
seminated through gravels, which in some places do not appear to 
be connected with streams or the sea. These deposits have been 
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called graTel-plain placers by Brooks* and unconcentrated placers 
by Collier.* 

At some places on the coastal plain they may result from simply 
a local increase in the amount of gold disseminated through the 
gravel, yet there is a question as to whether they may properly be 
called unconcentrated deposits, and it seems probable that former 
streams may account in part for their formation. It is possible, 
also, that some of them may be the scattered remnants of a previous 
concentration similar to those found in a number of places where 
bench deposits or old benches have been destroyed by later streams. 

Placers of this kind are small, and although one or two have 
yielded considerable gold, no very rich ones have yet been found. 
It is probable that if the origin and subsequent history of the coastal 
plain were fully known, these placers might be found to have an 
origin similar to that of the other placers of the vicinity. 

About 2 miles from the coast, near the head of Peluk Creek, several 
thousand dollars has been taken from the coastal-plain gravels. 
The following section was exposed : 

Section near head of Peluk Creek. 

Pt. In. 
GraTel and clay 1 6 

Sandy clay and muck, with some an^lar irravel 5-6 

Angular grarel with clay 4 

Clay seam, "bedrock" 2 

The gold-bearing gravel rests on the clay seam and consists of 
angular fragments of schist with day. Gravels under the clay were 
also found to carry gold but were not exploited. The gold was 
coarse, rough, and stained with iroa. A nugget worth $1.25 was the 
largest found. 

An attempt was made to dredge gold-bearing gravels near Cooper 
Gulch, about half a mile from the foothills. The largest accumula- 
tions of gold were found on clay streaks in the gravel, although a 
small amount is present throughout the gravel from the surface 
down. This locality is near the third-beach line, but its gold de- 
posits are probably the result of stream action and not of the sea. 

Gold-bearing gravels of similar character are found along the 
eastern slope of the Nome River valley at two or three places, but 
have not been visited by the writer. 

DRSDonro. 

The scope of this paper does not include methods and costs of 
mining, the value of reserves, and related subjects, whix^ belong 

* Brooks, A. H.. and otherSk Reconnaiaaances In tke Capt Nome and NortoD Bay reglcos, 
Alaska, la 1900 : Spadal publioatlon U. 8. QtoL Sunrej, 1901, p. 91. 

'Collier, A. J., and others, Tlie gold placers of parts of Seward Peninsula, Alaska: 
Bull. U. 8. Oeol. Survey No. 828, 1908, p. 166. 
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in the province of the mining engineer, yet so much attention has 
been given within the last five or six years to dredge construction, 
and dredging pnxnises to play so important a part in the future de- 
velopment of the Nome district, that it is desirable to give a brief 
statement of the number of dredges now in operation and the condi- 
tions under which they work. This subject has been treated more 
fully from the engineer's standpoint by Gibson * and by Janin.' 

The following table, giving the more important facts concerning 
dredges at Nmne, is taken from a table compiled by Smith : ' 

Dredges huilt in the Nome gold field from 1905 to 1911. 



Company. 



Gold Beach Dredg- 
ing Co. 

Nome Consolidated 
Dredging Co. 
Do 

PMn liinlng St 
Dredging Co. 

Saimden Dredging 
Co. 

Arctic Gold Dredg- 
ing Co. 

Skmx-Aliaka Min- 
ing Co. 

Julien Dredging Co. 

Nome Consolidated 
Dredging Qo.h 



Creek. 



Oebom... 

Bourbon. 

Wonder., 
otter.... 



Saunden. 

• • ■ • cUU • * • 

Moaa 

Oebom... 



Wonder. 



Date 
built 



1905 

1006 

1008 
1910 

1910 

1910 

1910 

1911 



Type or builder. 



I. B.Hammond. 



E. L. Smith-Llnder- 
wood. 

.....do 

RMon 



(T) 

Union Iron Works 

do 

Union Constructkm 
Co. 



Size of 
buek- 

ets. 



Cult, 
5 



7 
34 

3i 

n 

2f 
10 



Bucket 
line. 



Open 
Ctoae . 



...do.. 
Open. 

Close*. 

.•do. . 

..do.. 

..do. . 



Source of 
power. 



Crude oil.... 
Electricity a 



do 

Crude oU... 

DtatUlate.... 
do 

> • • • •UVa« • « « 1 

Electricity.. 



Fuel [on] 

used per 

day. 



ISbbls. 
(t) 

ISbbls. 
200 gals, 
leogali. 

Do. 
190 gals. 



a Power generated from oil. 



fr In oourse of construction. 



Dredging in the Nome district and in Alaska generally is con- 
ducted under adverse conditions not encountered in warmer climates. 
The working season is a little longer than that for the simpler surface 
methods of mining, as the machinery can be protected against the 
cold to a certain extent. Experience at Nome has shown that dredg- 
ing can begin in the later part of June and continue till late in Octo- 
ber or even into November. The efficiency of the dredge is less in 
the early part of the season, however, than at the close, as the frost 
is not all out of the ground when operations begin. Frozen ground 
is one of the chief obstacles to dredging in the North, for a dredge 
will not work in such ground, and in order that mining may be 
carried on some means must be provided for thawing the gravel. 
Steam points are used for this purpose in the Yukon region but have 
not been employed at Nome, where all the dredging has been done 
in unfrozen gravel. Thawing would add to the cost of dredging, for 

^ Gibson, T. M., Gold-dredging industry on Seward Peninsula : Min. and Sci. Press, 
▼ol. 104, 1911, pp. 45-48. 

' Janin, Charles, Gold dredging in Alaska and the Yukon : Mln. Mag., vol. 6, 1012, 
pp. 4&-48. 

"Smith, P. 8., Notes on 8ew«rd Peninsula: null. U. 8. Geol. Surrey No. 520, 1912, 
p. 342. 
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it would increase the consumption of fuel, already a large item of 
expense. 

Coal, crude oil, and distillate are the forms of fuel used in gener- 
ating power for the Nome dredges. Even those driven electrically 
depend on an engine consuming fuel oil. No use has yet been made 
of water power in this district, although such power is at hand and 
would have been employed before this time if litigation over the 
water rights had not prevented. 

One of the most important considerations connected with the in- 
stallation of dredges concerns the character of the gravel containing 
the gold and the bedrock on which it lies. Gravels in which many 
large bowlders are present, such as are common in the highly glaci- 
ated areas of much of Alaska, are unsuited to dredging operations, 
as is also gravel resting on a hard, uneven bedrock where the gold 
is not distributed through the gravel but lies principally on the 
bedrock and in its cavities. 

Some of the deposits of stream gravel at Nome are suitable for 
dredging and are being handled profitably in this way. The gravel 
of the larger streams, like Snake and Nome rivers, and of smaller 
ones crossing the coastal plain does not contain many large bowlders. 
The material composing it is such as can be handled by a dredge 
when it is not frozen. There are many bowlders in parts of the 
coastal-plain deposits and others are scattered over its surface. 
They are of glacial origin and were either deposited by the glaciers 
or brought by floating ice. Bowlders of this kind have found 
their way into the stream gravels and at times give some trouble, 
but they 'have not proved to be a serious obstacle in mining, althou^ 
they undoubtedly will cause some difficulty if dredging is at- 
tempted in some of the coastal-plain deposits. In those stream de- 
posits whose character is favorable to dredging probably more diffi- 
culty will arise because of frozen ground than because of bowlders. 

The Nome region offered a new field for dredging and has attracted 
the attention of dredge builders. New problems were encountered, 
and some of them have been solved. The early attempts at dredg- 
ing met with little success, because the conditions were not understood 
and dredge construction had not reached its present efficiency, but 
the success of the past few years has placed dredging at Nome on a 
secure basis. 

LODE DEFOsrrs. 

OEVERAL FEATIT&EB. 

The principal useful metals that have been found on Seward Pen- 
insula are gold, silver, lead, tin, bismuth, antimony, tungsten, copper, 
and mercury. These metals, either in their native state or in combi- 
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nation with other elements, have been found in their bedrock source 
as well as in the gravel deposits resulting from rock weathering and 
erosion. Gold is the only one of them whose lode deposits have yet 
been mined profitably. Tin is found in the gravel deposits of many 
widely separated localities. Tin-bearing lodes that have attracted 
much attention from capitalists were discovered in the western part 
of the peninsula in 1903, but the mining of these lodes is not yet an 
established industry, although some small shipments of lode tin as 
well as of placer tin have been made. Silver-bearing galena was dis- 
covered many years ago on Omalik Creek, a tributary of Fish River, 
in a lode deposit usually referred to as the " Omalik mine." Although 
several attempts have been made to develop this property, they have 
so far led to no important results. Among the other metals tungsten, 
antimony, bismuth, and possibly copper have been found in sufficient 
amount to justify the expectation of some future development. There 
is, however, little reason to attach much commercial importance to 
the presence of mercury. It occurs as the mineral cinnabar in the 
gravel deposits of the'Council region and in small veins in the schist, 
but its amount is not great. Besides the metals enumerated the 
mineral graphite gives promise of commercial importance. It is 
present at several localities in the Kigluaik Mountain area, and small 
shipments have been made from places on the north side of the range, 
not far from Teller. 

All the metals named except mercury occur in the Nome and Grand 
Central quadrangles. Gold is, of course, the most important, and it 
is the most widespread. Bismuth and antimony have attracted some 
attention, and tungsten, in the form of scheelite, may, perhaps, take 
a more important place among the mineral resources than it has 
hitherto held. 

GOLD. 

There is scarcely a stream within the plateau area of the Nome and 
Grand Central region whose gravel deposits do not yield gold in 
quantities ranging from a few colors to amounts great enough to pay 
for commercial exploitation. This is true also of most of the other 
streams of Seward Peninsula and demonstrates the widespread dis- 
tribution of gold in the metamorphic rocks. Few of the streams of 
the Kigluaik and Bendeleben mountains have produced gold, but the 
reason for this may, perhaps, lie in the conditions resulting from 
glaciation, the character of the surficial accumulations, and the diffi- 
culty of prospecting, as much as in the gold tenor of the gravel. 

Two facts stand out before one who carefully studies the distri- 
bution of the gold-bearing surficial deposits — first, the widespread 
occurrence of gold in small amounts throughout the region; and, 
second, the comparatively small size and number of the areas pro- 
ducing placer gold in considerable amount. These facts appear 
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to lead to only two conclusions — ^that gold is present in small quan- 
tity in practically aH the older rocks, and that in a few places, for 
some unknown reason, this gold content was very greatly increased. 
The increase is relative, and does not necessarily imply that the 
original deposit was of extraordinary value, for it is evident that 
a very rich placer can be formed by the weathering of a large 
amount of rock, with small gold content. The quantity of material 
removed by the streams during the formation of the present topog- 
raphy of the Nome region is enormous, and the gold contained in 
even the richest parts may have borne only an insignificant propor- 
tion to the original mass of rock. Yet it is not intended to imply 
that the rich placers of the Nome region are derived wholly from 
original deposits, too low in gold content to be valuable as mining 
properties, or that no lodes of commercial importance will be dis- 
covered. Although such lodes may not be found, the experience of 
many other placer camps goes to show that rich placers are com- 
monly situated in regions where lode mining is eventually devel- 
oped. 

In the Nome region deposits of gold in bedrock, as distinguished 
from deposits of placer gold, may be broadly classified as dissemi- 
nated deposits and vein deposits. Under the first head should be 
included those deposits in which mineralization is not confined to 
well-marked fault, joint, or similar fracture planes, but has taken 
place in the schist as a result of the circulation of mineral-bearing 
solutions through it, principally in minute openings, along cleavage 
planes and elsewhere, produced during the processes of metamor- 
phism and deformation. The vein deposits are those in which 
mineralization took place in or along fracture planes, most of which 
are fairly well defined. They are accompanied by a notable amount 
of gangue material, consisting chiefly of quartz, but locally including 
some other minerals, such as calcite. The distinction between the 
two classes of deposits is, in a measure, arbitrary, depending in 
some examples on size rather than on fundamental differences, for 
it can hardly be doubted that both classes may be produced by the 
same geologic processes, however unlike the form of the channels 
through which circulation takes place. The auriferous quartz veins 
might be further subdivided into those in which free gold is unac- 
companied by other metals and those in which it is associated with 
various sulphides, as pyrite, arsenopyrite, molybdenite, and stibnite. 
This distinction has been made by Smith * largely as a result of his 
work near Solomon, but owing to the lack of detailed knowledge 
concerning many of the gold-bearing veins near Nome, it is perhaps 
undesirable to attempt to classify them on this basis. 

1 Smith, p. S., Iny^stigatlotiB of the mineral deposits of Seward Peolosula : Ball. U. S. 
QeoU Sunej, No* 345, 1908, p. 230, 
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Small gold-bearing veins have been found near many of the gold 
plr?ers, where bedrock was exposed originally, or was uncovered 
during mining operations, but at present no veins of proved com- 
mercial value are known in the Nome district. An account of the oc- 
currence and character of the veins has been given. (See pp. 34-36.) 
Quartz veins, calcite veins, and veins consisting of quartz, chlorite, 
and feldspar are those most common in the region. The quartz 
veins may be divided into at least two classes, which, however, are 
not entirely distinct from each other. One class includes small 
veins, the largest only a few inches thick, stringers, and lenses, 
which in most places conform to the cleavage of the inclosing rock, 
though in others they intersect the bedding and cleavage. These 
veins are of small linear extent, and are not uncommonly folded 
and crushed. Most of them were deposited either before the schists 
and limestones were folded, or, as is most probable, while the fold- 
ing was taking place. They are the typical veins of the region, 
and in many places are well mineralized. They are seen on Anvil, 
Glacier, and Rock creeks, on Snow and Pioneer gulches, and in 
other localities. 

The second class includes, besides many small veins, large veins, 
or irregular masses of quartz, most of which are found in localities 
that plainly have been greatly disturbed by later movements in the 
rocks. Although some such masses are 20 feet or more thick, nearly 
all are limited in longitudinal extent to a few times their thickness, 
and are much crushed and faulted. The weathered surface is milky 
white, and only on fracture planes that have not been exposed does 
a stain of iron oxide appear. The veins contain very little pyrite, 
so that cavities due to the decomposition of this mineral are not 
so common as they are in many of the smaller veins. 

After a detailed study of the Solomon and Casadepaga district, 
only a short distance east of the area under consideration. Smith* 
summarized as follows his conclusions concerning the veins which he 
found there: 

The occurrence of veins has already been noted, and their division into three 
main classes has been made. These classes were called the older and the 
younger quartz veins and the calcite veins. The latter class is of no importance 
fi-om an economic standpoint, and it therefore requires no farther attention. 

The older quartz veins are sheared, squeezed, and in many places are recry&- 
tnllized« so that "hll original structure has been lost, and the veins api)ear as 
lenses or knotted quartz bunches in the contorted schists. Some of these 
bunches are evidently older than the cleavage, for that structure has been 
forced to wrap around them. In these veins there are sometimes traces of 
metallic minerals, such as iron pyrite, and the presence of gold has been noted 

1 Smith, p. S., Geology and mineral resources of the Solomon and Casadepaga quad- 
rangles, Seward Peninsula, Alaska : Bull. U. 8. G«oI. Survey, No. 483, 1010, pp. 139-140. 
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In assays made by earlier collectors. The veins, however, are so deformed thnt 
it seems hopeless to mine them. 

The younger quartz veins are somewhat deformed, but are not so completely 
sheared and contorted as are the older ones, having been shattered and smashed 
rather than knotted and recrystallissed. In some places these veins show but 
slight evidence of metallic mineralization, but at others they contain abundant 
sulphides. In some of these later-formed veins the metallic minerals are 
sulphides of copper, in others they are arsenopyrite, and in still others they 
are iron pyrite. Whether the veins show other metallic minerals or not, they 
almost always contain a little gold in the native state. 

It will be noticed that in this summary no mention is made of 
quartz-feldspar veins. This omission is not due to the absence of 
such veins in that district, but to their subordinate importance. 
With this exception it is seen that the subdivision of veins given by 
Smith may be applied to the Nome and Grand Central region, the 
greater number of quartz-feldspar veins here being probably in 
considerable measure a local feature. 

Brooks ^ has recently emphasized the importance of examining the 
vicinity of limestone and schist contacts for gold-bearing lodes and 
for placer-gold deposits. He points out that many contacts such as 
these are loci of weakness in the strata, where movement lakes place 
and where there is greater opportunity for the circulation of mineral- 
, bearing waters and consequently for the formation of veins. He 
also draws attention to the fact that most of the important placer 
areas are in regions where limestone and schist occur. 

Massive limestones are found in the southern part of the mineral- 
ized area of Anvil and Glacier creeks, and thinner beds occur in the 
ridge between the two streams. To the northwest, however, their 
number decreases, and here some of the greatest mineralization is 
seen. It is not evident in this particular place that the presence of 
limestone was essential to the formation of mineral deposits, and, 
in fact, it would be difficult to prove that the limestone and schist 
contacts on the southeast are more highly mineralized than the 
schists away from the contacts, but the occurrence of nearly all the 
placer-gold deposits of the peninsula in areas where limestone is 
found suggests a relationship between the formation of such deposits 
and the limestone. 

Gold can be seen in some of the quartz veins of the Nome district, 
and assays have shown its presence in many more. Gold is not con- 
fined, however, to quartz veins alone ; free gold occurs in calcite veins 
also. Gold-bearing calcite veins are present on the divide between 
Anvil and Glacier creeks, where several shafts were sunk without 
revealing an important ore body. Near by, quartz veins in the schist 
carry a small amount of gold and a little molybdenite. Two or 
three veins of this kind are exposed near the wagon road leading 

^ Collier, A. J., and othcrB, Tbe gold placers of parts of Seward Peninsula, Alaska : Bull. 
U. 8. Geol. Survey No. 328, 1908, p. 122. 
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over the hill to Glacier Creek. One of these varies in thickness from 
1 to 2^ feet and is included between schist and a thin overlying bed 
of limestone. It can be traced for about 100 feet along the surface. 

Northwest of this point, on Snow Gulch, a number of small iron- 
stained quartz veins cut the schist of the creek bed. Picked speci- 
mens from quartz veins on Glacier Creek near the mouth of Snow 
Gulch yielded about $9 a ton in gold when assayed. The inclosing 
schist is highly impregnated with pyrite and contains gold also. 

Attention has previously been drawn to the mineralized area be- 
tween Glacier and Rock creeks and the association of sulphides 
occurring there. The schist is filled with a great number of small 
quartz stringers containing pyrite and is itself impregnated with the 
same mineral to such an extent that the deeply weathered surface 
rock is strongly colored by the oxidation products. A mixture of 
the sulphides of lead, arsenic, antimony, and copper is associated 
with the pyrite and for a while was thought to be a new mineral. 
The quartz stringers carry free gold and are so numerous that some 
attempts have been made to mine them. 

A large amount of highly mineralized quartz is present in schist 
exposures south of Good Luck Gulch. The quartz is much crushed 
and in general occurs as stringers, although at one place a mass 4 or 5 
feet wide is exposed in a small outcrop. A prospect hole shows much 
rotten iron-stained quartz. The schist also is filled with iron oxide, 
in which some pyrite still remains. Panning shows the presence of 
gold. 

Several quartz veins, the largest of which is about 5 inches thick, 
occur near the mouth of Boulder Creek. Assay values of $3 to $4 a 
ton in gold were obtained from samples taken here. 

On Pioneer Gulch the best ground of the residual placers occurs 
just below a nimiber of small quartz stringers cutting the schist bed- 
rock. One of these stringers 3 inches thick showed considerable free 
<rold. Similar occurrences are known in other parts of the region, 
but nowhere has the number or size of the mineralized veins been 
sufficiently great to constitute an ore body. 

Near the head of Goldbottom Creek are auriferous veins, one of 
which has received more attention than most of those already men- 
tioned. It is near the contact between the massive limestone beds of 
Mount Distin on the east and the schist underlying the limestone on 
the west The country rock is black graphitic slate, much jointed 
and cut by veins and stringers of quartz belonging to the later system 
of veins. Movement in the slate, which took place during the ad- 
justment to disturbing forces, gave rise to numerous smooth slicken- 
sided surfaces. The vein quartz is milky white to glassy, with darker 
bands here and there. Locally there is a little sulphide mineraliza- 
tion, but for the most part the veins appear to belong to that class 
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in which the gold occurs free in the quartz. The property is 
equipped with a small stamp mill and machinery for crushing the 
ore. Water is provided by a ditch about a mile long. It seems 
probable that the sliattered condition of the country rock would offer 
some difficulties to following the ore, but the results of operations 
during the last year or so have not been learned. 

Mining operations along Anvil Creek have disclosed auriferous 
veins at several places. Near Perkinsville many small quartz veins^ 
from 8 to 10 inches thick, cut black chlorite schist. Most of the 
veins follow the schistosity of the rock, but some of them cross it. 
They are slightly folded and much crushed. A little iron pyrite is 
scattered through them, and assays show a small content of gold. 

Two small openings were made a number of years ago on quartz 
veins near the head of Anvil Creek. Both are in black quartzitic 
schist much crushed and fractured. The quartz is slightly iron 
stained, and a little gold is reported, but no work has been done on 
the veins recentlv. 

ft' 

All the localities that have been mentioned are within the Snake 
River drainage basin, the area that contains the richest gold placers 
discovered in the Nome region. The list of mineralized veins and 
zones includes, however, other localities. Such deposits are known 
at the head of Dry Creek and on Newton Gulch, where they have re- 
ceived some attention with a view to development. A quartz vein 
on Osborn Creek shows gold associated with iron and copper sul- 
phides. The vein is near the contact of a greenstone intrusion in 
schist. Only a little work has been done on it. Gold-bearing veins 
are known also on Banner Creek, Stewart River, and Buffalo and 
Hudson creeks. Mineralized quartz veins have been found on an 
eastern tributary of Grand Central River, where they cut black 
graphitic schist and contain a small amount of pyrite. 

Although none of the operations on gold veins of this district 
appear to be commercially successful, they nevertheless have lent 
some aid to an understanding of the types of ore bodies likely to be 
met with. 

Experience so far points toward the probability that, if commercial 
ore bodies are found, they will be in the form of small veins and 
mineralized zones in the schist. No well-defined and continuous 
belts of this kind have yet been discovered. There are restricted 
areas, however, where auriferous deposits are more widely developed 
than in the remaining parts of the region, and in general these corre- 
spond in location with the placer-gold areas. It was this fact that 
early led the workers in this region to the conclusion that the placer 
gold has its source in veins and impregnated beds, which occur close 
to the present location of the placers.^ 

^ Brooks, Am. H., Reconnaissances In the Cape Nome and Norton Bay regions, Alaska, in 
''900; Special publication U. S. Geol. Surrey, 1901, p. 142. 
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BISMUTH. 

It has been known for a number of years that bismuth is present 
on Charley Creek, a tributary to Sinuk River from the south. It 
was first found in the sluice boxes at the lower end of the creek, and 
later the float was discovered farther up and traced to its source. 
On the east branch of Charley Creek at a point about 1,000 feet from 
the forks and at an elevation of 950 feet above sea level, two parallel 
quartz veins appear near the stream bed and have been found to 
carry the bismuth. These two veins are about 12 inches and 8 inches 
in thickness and are separated by 16 to 18 inches of schist. They 
occur in strike joints dipping SO*' to 60° and may be traced on the 
surface for only a short distance because of the covering of loose 
slide rock. At one place they are offset about 8 to 10 inches by a 
small fault. The proportion of bismuth seen in the veins is small, 
but some bowlders found in the stream below show a larger amount. 
Up to the present time little has been done toward prospecting the 
veins. 

AXTmOVT. 

A quartz vein carrying the sulphides of iron and antimony was 
found on Manila Creek in 1905. It crops out on a hill slope west of 
the upper end of the creek, and as traced by surface float has a length 
of about 3,000 feet. Its elevation above sea level is approximately 
800 feet at the southwest end and 1,600 feet at the northeast end. At 
the surface it appears to dip moderately to the northwest. The sur- 
face float is quartz containing bunches and irregular streaks of stib- 
nite scattered here and there or running through it. It is stained 
with oxidation products from stibnite and pyrite. 

A prospect-hole incline was started on the vein in 1906. In 1907 
an adit 315 feet long had been driven cutting the vein and showing 
it to have a thickness of 3 feet at that place. Since then consider- 
able work has been done, and shipments of ore have been made. The 
antimony content of the ore where the vein is crosscut is less than 
at the surface, but the decrease is compensated for by an increase 
in gold. Specimais of ore from the vein in the adit show a mixture 
of gray quartz and antimony containing a notable amount of free 
gold. The quartz is crushed, and the spaces between fragments are 
filled with stibnite^ Furthermore, tiny veins of stibnite cut the 
larger pieces of quartz. The gold appears to be more closely asso- 
ciated with the quartz than with the stibnite, and may have been de- 
posited earlier, but this inference requires further evidence before 
it can be stated positively. A number of other minerals are re- 
ported from this property, but do not appear in the specimens ex- 
amined bv the writer. 

Veins carrying stibnite occur on the west side of Anvil Creek 
a short distance above Specimen Gulch and have been described 
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by Smith.^ The veins were prospected by a number of holes about 
25 or 30 feet above the creek, and these showed that the schist had un- 
dergone much dislocating and shearing, which produced fractures that 
had later been filled with stibnite and other minerals. Some of the 
veins reach a thickness of 18 inches, but most of them are thinner. 
The stibnite occurs in rather massive aggregates for the most part 
but here and there appears as radiating and lath-shaped crystals of 
nearly perfect crystalline form, showing that it must have been 
deposited after the close of the period of dynamic disturbances that 
affected the country rock. The economic importance of this fact is 
that such veins give greater promise of freedom from the faulting 
and dislocation that detract from the value of the ore bodies. 

Stibnite is reported also from Osbom Creek, 6oldbott<»n Creek, 
and Last Chance Creek, but the deposits at these localities have not 
been examined by members of the Geological Survey. 

TITNOBTEy. 

Tungsten occurs in the Nome region in the form of scheelite, the 
tungstate of calcium. It is a heavy white mineral and is found in 
many of the streams. Because of its weight it remains in the sluice 
boxes or pan and causes some trouble in cleaning the gold. Scheelite 
is also found associated with quartz in small veins in the schist, but 
its principal source is the gold-bearing gravel. Until recently the 
market price of tungsten has been so small that the scheelite has not 
been taken from the sluice boxes, but the present demand for the 
metal is so great that even small quantities may be profitably col- 
lected. 

Tungsten is used in the manufacture of tungsten steel, in incan- 
descent lights, and for various other purposes. 

OOPPEB. 

Copper deposits have not attracted much attention in the Xome 
district, as those already known have not yet proved to be of com- 
mercial importance. Two localities where copper minerals have 
been found are described by Smith,* who furnishes the following 
account of them. 

The most promising locality is on the ridge between Copper and 
Dickens creeks at the head of Nome River. It lies within the area 
occupied by schist and limestone of the Nome group, and the geologic 
relations of the rocks are obscured by complicated structure and by 
scarcity of outcrops. The rocks are principally schist but include 
thin beds of limestone. Two types of schist are present One of 

1 Smith, P. S., Recent developments In sonthern Seward Peninsula : BuH. U. 8. GeoL 
Surrey No. 379, 1909, p. 282. 

* Smith, P. S., InTestigatlons of the mineral deposits of Seward Peninsula : Bull. U. & 
Qeoh Buirey No. 845, 1908, pp. 240-242. 
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these is silvery gray and consists chiefly of quartz with which is 
associated muscovite and chlorite. The other is dark greenish and 
contains many crystals of feldspar together with a little amphibole. 
This second schist is believed to be an altered igneous rock of basic 
character. All these rocks have a low dip to the northeast. There 
is a small mass of intrusive granite in the schist about a mile north 
of this locality. 

The copper minerals are found in a narrow belt of white limestone 
overlain by green schist and underlain by green and gray schists. An 
inclined shaft was sunk in this limestone and gives the best informa- 
tion concerning the ore body. Smith ^ described the occurrence of 
copper at this locality as follows: • 

The character of the vein and the distrihution of the metnls in it arc pecu- 
liar. All over the surface are numerous blocks of limestone stained with a 
little malachite, but in the upper portion the vein shows mainly galena. Speci- 
mens from this upper portion show numerous drusy cavities, and the appearance 
is that of a replaced limestone. In every fragment several small quartz veins 
are visible. The ore is almost entirely galena with only a small amount of 
copper carbonate and practically no copper sulphide. An assay of picked speci- 
mens made by the owners is reported to have yielded 15 per cent of copper and 
20 X)er cent of lead, with a rather high silver and low gold content. 

In the breast there seems to be a nearly vertical fissure, which shows for 
some distance in the inclined shaft. From this fissure a good deal of bomlte, 
practically unmixed with any other minerals except galena, has been won This 
vein seems to pinch out 2 feet or so below the roof, and the bomite is absent 
from the rest of the underground workings. Near the floor of the incline there 
is a quartsltic rock which looks much like a replaced limestone. This quartzlte 
contains a band about 8 inches thick of copper sulphides and carbonates mixed 
with quartz. The sulphides are mainly chalcopyrite, and both the carbonates, 
azurite, and malachite are present. In addition to the main stringers already 
described, some ore is scattered throughout the breast, but it is too dissemi- 
nated to allow profltable extraction. 

The sulphides in the lower part of the mineralized belt occur nearly parallel 
with the stratification of the limestone. Nowhere in the underground workings 
was schist seen, but from the evidence already cited it seems probable that the 
contact of the schist would be found a short distance below the fioor of the 
incline. 

Other prospect holes in the near vicinity show evidences of copper. 
About one-third of a mile above the mouth of Copper Creek an adit 
was run in 25 to 80 feet on some stringers of copper ore at a schist 
and limestone contact but was finally abandoned. 

The second locality where copper minerals have been found is on 
Dexter Creek. Assays are reported to show the presence of 4 per 
cent of copper, but the ore is probably more valuable for gold than 
for copper. 

OEAFKITE. 

Graphite is abundant in some of the black schist beds belonging to 
the Nome and Kigluaik groups and gives them their characteristic 

^ Smith, p. S., Investigations of tlie mineral deponits of Seward Peninsula : Bull U. S. 
Geol. Surrey No. 345, 1008, p. 241. 
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color but is not known in a form to make it of ec<momic importance 
within the Nome and Grand Central quadrangles. Just north of the 
Grand Central area, however, in the headwater areas of Grand Cen- 
tral Kiver and Windy Creek (PI. VII, p. 20), especially in the vi- 
cinity of the divide between these two streams, are graphite deposits 
of considerable size. Their occurrence, as well as that of graphite on 
the north side of the Kigluaik Range west of Cobblestone River, has 
been known for a long time, but only recently have they received 
especial attention from prospectors. 

A sharp ridge made up of biotite schist striking east and west and 
intruded by dikes and sills of coarse granitic rock or pegmatite rises 
on the south from the saddle between the Grand Central and Windy 
Creek. Some of the schist is highly graphitic, the graphite appear- 
ing as abundant small scales on the cleavage surface and much of it 
not being distinguishable on casual examination from flakes of biotite. 
Locally graphite is segregated in beds or much flattened lenticular 
masses that conform in direction with the schist cleavage and reach 
thicknesses of 6, 8, or even 18 inches. These beds include thin layer? 
of schist containing numerous large garnets and much quartz. The 
raw .graphite found at this place is heavier than the higher grades of 
graphite, owing to its included quartz. 

The sills and dikes of pegmatite cutting the schist also contain 
graphite, which is associated with them in such a way as to suggest 
a close relationship between the intrusives and the graphite. Graph- 
ite appears to be an original mineral in the pegmatite as well as to be 
associated with it in the schist. At one place about 8 inches of solid 
graphite is included between a pegmatite sill and the overlying schist. 
The steep slopes of the mountain are strewn with graphite fragments 
which, owing to the fact that they are much lighter in weight than 
either the schist or the pegmatite, appear more abundantly on tlie 
surface, especially in gullies where water has brought about a rou^i 
sorting. One block, with dimensions of approximately 7 feet, 6 feet. 
and 30 inches, consists of about equal thicknesses of schist and ap- 
parently almost pure graphite. 

The graphite-bearing schist extends eastward beyond the east fork 
of Grand Central River and westward across Windy Creek and the 
head of Cobblestone River to the region south of Imuruk Basin, in 
which the graphite is even more extensively developed than in the 
locality described and from which a number of commercial shipments 
have been made. 
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PREFACE. 



By Alfred H. Bbooks. 



The aeyeral exploring expeditions which have trayeiBed the 
Susitna basin since 1898 have determined its larger geographic and 
geologic features. Some areal mapping has also been done in the 
eastern part of the basin. Up to 1911, however, but little was known 
of the geology and mineral resources of the western part of the basin, 
including the Yentna placer district, which has made an annual gold 
output since 1905. The investigation the results of which are here 
set forth was undertaken as a part of the general plan to survey the 
productive mining districts as rapidly as funds permitted. 

In the course of a very brief field season Mr. Capps has been able 
not only to map the larger stratigraphic units of the district but also 
to study in detail most of the occurrences of auriferous gravels. An 
important result of this investigation is the determination of the 
relations of the gold placers of Cache Creek to the recent physio- 
graphic history, including the advance and retreat of the ice sheet. 
Mr. Capps has also obtained evidence of the Tertiary age of the 
gravel sheet which overlies the Eocene beds of the region. These 
gravels were formerly regarded as Pleistocene. This affords addi- 
tional evidence of the Tertiary age of the Nenana gravel in the 
Bonnifield district,^ located on the north side of the Alaska Range. 
The assignment to the Tertiary instead of to the Quaternary of the 
heavy gravels which mantle the foothills on both sides of the Alaska 
Range will necessitate considerable change in the published inter- 
pretations of the physiographic history of central Alaska. 

I Capps, 8. R., The Bonniaeld region: BoIL U. S. Oeol. Survey No. SOI, 1012, pp. 32-34. 
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IX>CATIOK AND AREA. 

The Yentna district received its name from Yentna River, the 
lai^est tributary of Susitna River from the west, the junction of the 
two rivers being about 25 miles above the mouth of the Susitna. 
The area embraced in the Yentna district, as that tenu is commonly 
used, lies along tlie southeast base of the Alaska Range and includes all 
the drainage basin of Yentna River above the mouth of the Kaliiltna, 
except the basin of the Skwentna, a large tributary from the south- 
west. The position of the district and its relations to Susitna River 
and Cook Inlet are shown in Plate I. The accompanying map 
(PL II, in pocket) shows what is known of the geography between 
meridians 150^ and 152^ west longitude and parallels 61^ and 63^ 
north latitude, but the descriptions in the following pages are con- 
fined to a triangular area of about 2,050 square miles (PI. I), shown 
in the center of the map and bounded roughly by Yentna River on 
the southwest, the Susitna lowland on the east, and the rugged por- 
tion of the Alaska Range on the northwest. 

PREVIOUS WORK. 

Before the work was done on which this report is based little was 
known of the geology ot the region between Yentna and Susitna 
rivers beyond a few facts of a general nature which had been gained 
from various sources. No attempt had been made to map the 
geology or to learn the relations between the various formations. 
In 1898 Spurr * ascended the Yentna to the mouth of the Skwentna 
and traveled up the valley of that stream, but in his journey along the 
Yentna he was able to obtain little information about the geology 
of the country to the north. During the same year Eldridge ' made 

> Sporr, J. E., A rcco nn a fc wa no e In 8oathwest«m Alaska in 1898: Twentieth Ann. Kept. U. 8. OeoL 
Soirey, pt. 7, 1000, pp. 31-364. 
* Eldridca, O. H., A reoomnaiaBuioe in the Snsitna basin and adjacent territory, Alaska, In 1898: Idem, 

pp.i-ao. 

9 



10 THE YENTNA DISTRICT, ALASKA. 

an exploratory trip up the Susitna and into the Tanana basin and 
recorded many facts about the geology of the range in the northern 
part of the Susitna basin. In 1902 Brooks and Prindle, in their 
exploration of the north side of the Alaska Range, went up Kichatna 
River and secured a geologic section of the range along their route. 
The results of all these early investigations have been embodied in a 
recently published report.* 

The conditions under which these explorations were carried on, 
however, rendered it impossible for the geologic work to be extended 
more than a few mUes on either side of the route of travel, and as both 
Yentna and Susitna rivers lie in broad, alluvium-filled basins, in which 
there are few bedrock exposures along the streams, the geologic condi- 
tions in the upland area between them were unknown, except for a 
few facts gleaned from reports of prospectors and miners who had 
visited the region. 

In 1906 a reconnaissance topographic map, covering approxi- 
mately the area considered in this report was made by R. W. Porter 
under private auspices. This map has already been published * and 
with a nimiber of additions and corrections by the writer is again 
published here (PI. II, in pocket), and is used also as the base for 
the geologic map (PI. Ill, in pocket) . 

Gold was first discovered in the Yentna district in 1906 by a party 
of men who started up the Susitna by boat, intending to go to Valdez 
Creek, a headwater tributary of the Susitna from the northeast. 
Above the main forks of the river they encoimtered such difficulties 
that they changed their plans and ascended the Chulitna and Toki- 
chitna to Home Lake, where they established a base camp from 
which they made prospecting trips that resulted in the discovery of 
gold in the Peters and Cache Creek basins. 

Since 1905 prospecting and mining have been carried on contin- 
uously, and although gold has been found to have a widespread 
distribution throughout the area, it has been obtained in paying 
quantities only in the so-called Cache Creek country, in the basin of 
Twin Oeek, and at a few points in the valleys of Lake Creek and 
Kahiltna River. During the season of 1911 a new impetus to pros- 
pecting was given by the discovery of rich placer ground in the 
benches above Dollar Creek. At present the whole economic value 
of the district is in its placer gold, no valuable lodes being known. 
Lignitic coal occurs at many places, but its quality is too poor to 
attract much attention, as better and thicker coal beds occur at 
easily accessible points on Cook Inlet. The coal has, however, some 
value as fuel for local use. 

t Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper U. 8. Oeol. Survey No. 70, 1911. 
■Idem, PL XV. 



GEOGRAPHY. 11 

PRESENT INYESTIOATION'. 

As developments over a period of several years showed that the 
placer gold production from the Yentna district was steady, and the 
mining population was gradually increasing, it became desirable to 
learn more accurately the conditions under which the gold occurs, 
to discover if possible the source from which it was derived, and to 
ascertain as far as possible the extensions of the area in which paying 
concentrations of gold were likely to occur, as well as to map areally 
the distribution of the rock formations, and to learn their relation to 
one another. For this investigation the writer was detailed, accom- 
panied by J. M. Charles, packer and cook. McDougall, at the mouth 
of Lake Creek, was reached on June 9, 1911, by launch up Susitna 
and Yentna rivers. At this point three horses were procured as pack 
animals, and the party proceeded directly to the placer-mining dis- 
trict on Cache Creek, where actual field work b^an on June 26 and 
was continued until September 13, a period of SO days, during which 
an area of 2,050 square miles was mapped. It will thus be seen that 
time was available only for a hasty investigation of the conditions 
at the various placer mines, and for determinuag the more important 
facts about the surface distribution of the different rock formations. 
The boimdaries given on the map (PI. Ill, in pocket) can therefore 
be regarded as accurate only in so far as they show the general 
distribution of the formations. The smaller but none the less impor* 
tant details of structure, distribution, and relation of the various 
formations remain for a later, more detailed investigation, which will 
doubtless be made if developments in the region justify it. A 
preliminary report on the mineral resources of the Yentna region 
has already been publi»hed.^ 

The writer wishes to express his sincere thanks to the miners and 
prospectors of the region for their hearty cooperation and unfailing 
hospitality, especially to Mr. C. P. Morgan, who made a considerable 
sacrifice of time to aid in the work and supply information, and to 
Mr. B. M. Mathieson, who furnished a traverse of Cache Creek and 
parts of its more important tributaries. 

GEOGRAPHY. 

DBAIKAQE. 
SUSITNA BIVEB. 

The Susitna is the master stream that receives all the southward 
drainage of the Alaska Range for nearly 300 miles, measured along the 
crest of the range. From the west it is fed, in the region under dis- 
cussion, by Chulitna River and its tributary the Tokichitna, by Deshka 

> C^ppa, S. R., Gold plaotn of ttw Yentna district: BuU. U. S. Oeol. Survey No. &», 1912, pp. 174-200. 
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River, and by the Yentna. The Tokichitna is a short stream — ^little 
more than 25 miles in length — which receives the drainage from 
one small and two very large glaciers. In the mountainous upper 
portion of its course it occupies a broad glacial trough, which extends 
eastward to the east base of Peters Hills, beyond which the valley 
waUs become lower, and the stream enters the lowlands of the wide 
Susitna basin. Below the small glacier in which the river heads it 
has the character of most glacial streams, being heavily charged 
with gravel and silt and spreading in a multitude of channels across 
a wide valley floor. The channels shift constantly, the stream cutting 
away the banks at one place to redeposit the materials at another. 
Of the Deshka little is known except that it receives no water from 
the mountains and that its course lies wholly in the Susitna lowland, 
roughly parallel to that of the Susitna. It joins the Susitna about 10 
miles above the mouth of the Yentna. 

YENTNA RIVER. 

Yentna River ia the largest tributary of the Susitna. It rises in the 
rugged mountains of the Alaska Range near Mounts Russell and Dall 
and flows southeastward to its junction with the Susitna, about 25 
miles from the coast. It receives much of its waters from the glaciers 
and snow fields of the higher portions of the range, but as the moun- 
tain mass at the head of the main forks of the Yentna is lower than that 
portion which lies farther north, the glaciers there are smaller and 
the valley is free from ice much farther into the moimtains than are 
the neighboring valleys to the north. Above the junction of the two 
main branches which form the river both streams have the charac- 
teristics of other glacial streams, with many branching channels 
and wide expanses of bare gravel and sand bars. Below the junction 
of the headward forks the river maintains a more definite channel, 
with few islands, and is easily navigable by light-draft launches. The 
principal tributary of the Yentna from the north is Kahiltna River, 
which heads in the great Kahiltna Glacier. This glacier lies in a basin 
which is difficidt of access and much of which is still unexplored. 
It is believed, however, that the glacier receives ice from the slopes 
of Mount Foraker, and it is possible that it draioa some of the snow 
fields on the southern slope of Mount McKinley. The glacier sends 
its terminus out beyond the confines of the higher moimtaiDs and at 
its lower end is nearly 4 miles wide. Below it Kahiltna River is turbid 
and spreads with many channels and sloughs across a broad flat which 
lies at an elevation less than 600 feet above sea level. This flat nar- 
rows noticeably about 15 miles below the glacial source of the stream, 
and for much of the remainder of its course to the Yentna the river 
flows as a single stream through a narrow canyon-like valley. Be- 
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tween the glacier and the Yentna the river receives water from several 
large creeks whose basins lie below the level of perpetual snow. 
Lake Creek, which joins the Yentna 8 miles above the Kahiltna, heads 
in high mountains between Kahiltna and Yentna glaciers, and 
although its basin contains no large glacier many of its headward 
tributaries are fed by small ice fields. A number of these drain into 
Chelantna Lake, a body of water 7^ miles long and 1 mile wide, which 
occupies the lower end of the mountain valley and which at its lower 
end gives rise to Lake Creek. Above the lake the glacier-fed streams 
are muddy with glacial sUt, but below it Lake Creek is clear and flows, 
with a sluggish current, to the southeast aa far as Willow Mountain in 
a shallow valley, across the surface of the upland plateau. East of 
Yenlo Hills the stream has entrenched itself and lies in a gorge which at 
the mouth of Yenlo Creek is 250 to 300 feet deep. Through this gorge 
the creek is swift and runs in a series of rapids over large bowlders. 
Near the mouth of Lake Creek the valley widens, and the stream 
gradient becomes more gentle. The most important tributaries of the 
Yentna from the south are Skwentna and Kichatna rivers, but they 
lie outside the area with which this report is concerned. 

Yentna, Kahiltna, and Tokichitna rivers all have their sources in 
large glaciers, and their upper portions have many characteristics in 
conmion, due to their mode of origin. During spring and summer 
the glaciers melt rapidly, and large volumes of water are discharged, 
the floods usually reaching their culmination late in Jime or early in 
July. The waters on emerging from beneath the ice are heavily 
charged with gravel, sand, and silt, and 'to this load is added whatever 
material the streams are able to pick up from the moraines and gravels 
of the upper valleys. This heavy load of d6bris can be carried by the 
streams only where their gradients are steep, and as the valley slopes 
diminish downstream the materials are deposited, the coarse materials 
being dropped first and the finer farther downstream. Such rapid 
deposition causes the streams to shift their channels frequently, and 
for many miles below the glaciers the streams are characterized by a 
network of branching channels, and bare gravel and sand bars. This 
deposition causes the gradual upbuilding of the valley floors with 
heavy beds of stream-laid deposits, and the widening of the vaQey 
floors over which the streams spread. An excellent example of this 
process is to be seen immediately below Kahiltna Glacier, at which 
place a flat almost treeless expanse of bare gravel and sand stretches 
across the valley for a distance of nearly 4 miles. Glacial streams 
are especially subject to rapid fluctuations of volume during the sum- 
mer, and warm clear days or warm rains always cause the glaciers 
to melt rapidly and the streams to swell. On the other hand, a cold, 
crisp night will cause the streams to shrink, and the early morning 
after such a cold night is preferred for fording the rivers by those 
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acquainted with the conditions. In the late fall and in winter, when 
glacial melting is at a minimum, the rivers are low and the waters 
are clear.* 

BBUEF. 

LOWLANDS. 

The Yentna district, bounded by Susitna and Yentna rivers and 
the crest of the Alaska Range, may be roughly dinded into three 
distinct topographic provinces — the lowlands, the foothill belt, and the 
Alaska Range. Of these the first includes the lowlands of Yentna, 
Susitna, and Tokichitna rivers (Plate HI, in pocket). It stretches 
west from the base of the Talkeetna Mountains on the east side of the 
Susitna to the foothills of the Yentna district, a distance of nearly 
50 miles, and has irregular projections which extend up the valleys of 
Yentna, Kahiltna, and Tokichitna rivers. Most of the lowlands lie 
within 600 feet of sea level. They are characterized by broad, almost 
flat stretches along the main streams and by slightly rolling inter- 
stream areas. The lowlands are nearly everywhere covered with 
spruce or cottonwood timber, and between the trees willow, alder, 
and other bushy plants grow in profusion. The larger streams which 
cross the lowlands have well-defined valleys and most of them flow 
with a swift current and are turbid. The smaller streams, on the 
other hand; are clear and commonly sluggish and meandering; they 
flow in poorly defined channels that drain the many marshes and 
small lakes with which the lowland is dotted. As the lowland is 
marshy and difficult to penetrate on account of the heavy growth of 
brush, it has been little explored, for it offers no attraction for either 
the prospector or the geologist. 

FOOTHILLS. 

The second topographic province includes the foothill belt that 
lies between the lowland and the rugged mountains to the northwest. 
In this belt are the Dutch, Peters, and Yenlo hills and the hills 
at the head of Twin and Camp creeks. In general, all of these hills 
are smooth in outline (PL IV, A), and their summits reach elevations 
of 3,000 to 4,000 feet, although at the north end of the Dutch Hills 
somewhat rougher peaks rise to a height of 5,000 feet. Between the 
hill ranges and around their margins is a high upland plain cut 
transversely by the Kahiltna Valley and sharply trenched by many of 
the streams which cross it, but which still retains enough of its old 
surface to be recognizable. Between Yentna and Kahiltna rivers 
this plain lies at an elevation between 800 and 1,600 feet, and at its 
upper edge gives place to the rugged mountains of the Alaska Range 
(PL IV, B) ; in the basin of Cache Creek it rises to a height of about 
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2,000 feet and is bordered by the foothill ranges. Very little of this 
high plain is heavily timbered. Scattered groves of spruce occur in 
favorable localities, but most of the vegetation consists of low bushes, 
grasses, and sphagnum mosses. All the producing placer mines are 
within this belt. 

MOUNTAINS. 

Tlie tliird region, of very different character from the others, com- 
prises the rugged alpine portion of the Alaska Range. The dividing 
line between it and the foothill belt extends from the lower end of 
Tokichitna Glacier southwest to Yentna River at a point a few miles 
above its forks. The mountains in the lower southeast portion of 
the alpine belt have elevations of about 4,000 feet, but to the north- 
west the range increases rapidly in height and ruggedness, culminat- 
ing in the two great mountains which on clear days may be seen to 
dominate the whole Susitna basin — ^Mount Foraker, 17,000 feet, 
and Mount McKinley, 20,300 feet in elevation, the loftiest peak of the 
continent (PL V). Between the foothills and the crest of the range 
is a belt averaging about 25 miles in width and including an area of 
many thousand square miles of unexplored territory that is most 
difficult of access on account of the sharp, toothlike character of the 
ridges and the glacier-filled valleys. The Alaska Range, considered 
as a whole, forms a great crescentic curve, its trend being in a north- 
Bouth direction west of Cook Inlet and in an east-west direction 
between the Copper River basin and Tanana River. The Yentna 
drains an intermediate portion of the range, in that part where ite 
trend is from southwest to northeast. Here, for a distance of 150 miles 
measured along the crest, the massive mountains are unbroken by 
passes, and the only practicable routes from Susitna basin to the 
interior are across the range at one of the three neighboring passes at 
the heads of Kichatna and Skwentna rivers into the Kuskokwim 
basin, or across one of the passes at the head of the Chulitna or the 
Susitna into the Tanana basin. 

Both the topographic and geologic mapping of the high, mountain- 
ous area of the Yentna district have been limited to its more accessi- 
ble portions, along the flanks of the range. The topographic map 
thus gives undue emphasis to the rounded and smoothed forms of the 
foothill ranges and presents an inadequate idea of the extreme rough- 
ness and scenic grandeur of the heart of the range. The loca- 
tion and elevation of only a few of the most conspicuous moun- 
tains are given, although hundreds of unnamed and unrecorded peaks 
from 8,000 to 14,000 feet in height are distributed throughout the 
unmapped area between the front of the range and its crest. If the 
map were complete, it would show that these peaks occur along nar- 
row, steep-sided ridges, the space between them being occupied by 
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great glaciers and their branching tributaries (PL VI, A). The 
erosive action of the extensive ice bodies which still remain and of the 
much greater glaciers of which these are the shrunken remnants has 
been of prime importance in shaping the mountains to their present 
forms. By the removal of spurs and irregularities along their sides 
the glaciers have reduced the valleys in which they lay to deep straight- 
sided troughs, which, where they bend, swing m broad, sweeping 
curves. In both the tributary and the main valleys the same develop- 
ment of broadly U-shaped, straight valleys has taken place. In the 
small valleys the headward growth of opposing cirques has reduced 
the divides to serrate, pinnacled ridges. 

INFLUENCE OP ROCK TYPES ON TOPOGRAPHY. 

Although the tendency of glacial erosion is to reduce all the divides 
to sharp ridges, the character of the rocks of which the mountains are 
composed has exercised an important influence on the mountain 
forms. In the higher parts of the range the most widespread rocks 
are of granitic character, and from these are produced acute, almost 
needle-like summits and pinnacles. The slates along the flanks of 
the range also take on rugged forms but in a lesser degree than the 
granitic rocks. Most of the foothill ranges are composed of slates and 
graywackes, but these were probably at one time completely over- 
ridden by glacial ice, and their sunmiits smoothed off and rounded, 
to be later dissected by the erosion of many small valley glaciers along 
their sides. Cirques were developed by these valley glaciers, but their 
growth was not sufficient to obliterate the smooth outlines of the hilh 
or to notch the crest lines in any conspicuous way. The gravel hilb 
between upper Lake Creek and Yentna River have their own distinct 
tive topographic form, although the erosive effects of the glacier which 
once overrode them are still visible. These hills are smooth in outline, 
but sharply incised gulches mark the slopes which have been most sub- 
jected to postglacial stream erosion. In the plateau region sur- 
rounding the foothills, and in the lowland toward the east, the larger 
topographic features are due to the form of the underlying deposits 
left by the ice, but the smaller details of surface configuration are due 
to the manner in which the surface materials were laid down, being 
of a mild hummock and kettle topography where morainal deposits 
occur and flat and featureless in those places where stream deposits 
are present. 

CLIMATS:. 

The placer camps of the Yentna district, though only about 80 miles 
from tidewater at the head of Cook Inlet, are more than 200 miles 
from the main line of the Pacific coast and have a climate more like 
that of interior Alaska than of the coastal region. No systematic 
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records of temperature or precipitation are available for the Susitna 
basin, but it is known that the winters are colder and the summers 
warmer than along the coast, where the ocean currents have an equal- 
izing effect on the temperature. The snowfall in winter is less than 
on the coast, but is heavier than in the Yukon basin in the interior. 
The region is surrounded by high mountains on all sides except 
where Cook Inlet makes a narrow opening, and these mountains 
greatly influence the distribution of the precipitation. The number 
of rainy days and the amount of rainfall during the summer seems 
to vary greatly in different seasons. R. W. Porter notes that in 1906 
it rained 50 days of the 110 he spent in the field. The summer of 
1911 is admitted by the miners to have been unusually dry, but dur- 
ing 100 days spent in the area above Cook Inlet it rained steadily on 
16 days and for parts of 9 other days. 

The seasons consist of a long winter of about seven months, from 
October to April, during which the streams are frozen; a period of a 
month or so in the spring, the so-called '* break-up," during which 
the streams become free from ice, and most of the snow melts in the 
lowlands; a short summer of about three and one-half months, during 
which the days are long and warm and vegetation grows with re- 
markable luxuriance; and a fall of a few weeks, when the days are clear 
and crisp and the nights cold, which lasts until the rivers freeze up for 
the winter. In the fall the streams become low, and slush ice usually 
forms between the 20th of September and the middle of October, 
closing navigation on the rivers uxitil about the middle of the next May. 
The riveis, however, become free from ice in the spring long before 
the snow disappears from their banks. The spring of 1911 was said 
to be xmusually late, but at the mouth of Lake Creek, only 200 feet 
above sea level, snow still lay in the timber, in sheltered places, on 
the 10th of Jime and on the Cache Creek Plateau, at an elevation 
of 2,000 feet, there were large patches of snow in early July. The 
discharge of the streams is very low in midwinter but increases with 
the melting of the snow and even after the snows from the lowlands 
have largely disappeared. The higher portions of the Alaska Range 
are occupied by perpetual snow fields and by great glaciers, and the 
periods of greatest floods for the glacier-fed streams come in the 
middle of July, when the days are warmest and melting is most rapid 
in the glacial fields. As fall approaches and the nights become longer 
and colder this melting decreases, and the streams in consequence 
shrink; for a short time before the freeze-up glacial activity becomes 
so reduced that little water is discharged, and the streams become 
clear, in contrast to their turbid state in times of high water. 

In those streams that do not receive water from melting glaciers 
the high-water period comes earlier, in Jxme, when the melting of the 

77092*»-.BulL 634—13 2 
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winter snows is greatest. Heayy rains during the summer cause 
floods in these streams, but the general tendency is toward a gradual 
diminution of flow after the first of July, and when the snows have 
disappeared from their basins many of the smaller creeks dwindle 
or go dry completely, unless the run-off is augmented by rains. 

VEGETATION. 

As the snow melts away in the spring and the days become long the 
growth of vegetation is astonishingly rapid. Scarcely has the 
ground become bare of snow before the plants spring up, and a line 
of green follows the edges of each diminishing snow patch, separated 
from it by only a few feet of bare ground. From that time until 
frost in the fall the growth is of almost tropical luxuriance. Grass 
of a variety known as ''red top" appears soon after the snow has 
gone, and affords good forage for horses until withered by frosts in 
the fall, after which it yields little nourishment to stock. It is 
abundant throughout the Yentna district, from the lowlands of 
Susitna River up to elevations of 3,000 feet on the moimtain sides, 
and grows to a height of 4 or 5 feet. Many areas hundreds of acres 
in extent were seen in which this grass grew densely. It makes 
good hay when cut before frost and properly cured. Between the 
1st and 10th of Jime grass sufficient to supply forage for horses ap- 
pears at McDougall, but in the higher basins, such as that at the 
head of Cache Creek, the snow does not always disappear imtil 
early July, and horse feed is not abundant until that time. Horses 
also feed freely on plants of the genus Equisetum, locally known as 
horsetail rushes, and on various other plants, but the forage fails in 
late September, and horses can not be worked after that time unless 
fed on hay and grain. 

The distribution of timber in the region is shown in figure 1. 
Throughout the lowlands of the larger river valleys there is an abun- 
dant growth of spruce and cottonwood timber, with some birch on 
the well-drained hillsides. Timber is foimd in the main valleys of 
the mountains and up to an elevation of about 2,000 feet, although 
there is much untimbered territory below this level. The largest 
trees grow on the lower ground; there the spruce reaches a maxi- 
mum diameter of about 24 inches, and cottonwood trees 5 feet through 
at the base were seen. Near timber line the trees are generally 
small and scrubby and unfit for lumber. Above timber line there 
is in most places a belt of dense alder or willow brush, which is diffi- 
cult to penetrate and which necessitates much chopping for the 
passage of horses. Alders and willows also grow tJhickly in the 
lowlands among the timber and here attain large size, making it a 
laborious •task to chop a trail through them. Even in those places 
where a trail has been cut out, continuous travel and chopping are 
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required to keep it open, for the winter snows preae down the brush 
from either side, and new branches spring out to fill the opening, 
80 that in a few years a trail, if left to itaelf, will be obliterated. 
Sphagnum mosses grow profusely both in the timber and brush and 
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above timber line. They absorb and hold large quantities of water 
and by their protective covering keep the ground frozen in the spring 
long after the bare ground has thawed out. Above timber line the 
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moes-covered surface was in many places observed to consist of dome- 
shaped hummocks (PL VII; B), the origin of which is not clear. 

Some edible berries grow within the r^on, the most important 
of which are blueberries and cranberries above timber line and some 
raspberries, currants, and high-bush cranberries in the timbered areas. 

POPUIaATION. 

Until the discovery of gold in 1905 there were no permanent set- 
tlements of white men in the whole Yentna district, and very few 
white men had visited it at all. In 1905 there were less than a 
dozen men prospecting on the various creeks, and in 1906 it is reported 
that about 50 men were prospecting and mining on Peters and Cache 
creeks and their tributaries, an unrecorded number being similarly 
engaged on the headwaters of Lake Creek. No records have been 
kept for the years 1907 to 1910, but in 1911 about 100 men were 
working on Cache and Peters creeks, 10 men in the area between 
Lake Creek and the Yentna, and perhaps half a dozen on Kichatna 
and Nakochna rivers, south of the Yentna, or a total of about 116 
within the Yentna district. There are no permanent native settle- 
iflents in the Yentna basin, the nearest being at Susitna and at 
Alexander, on Susitna River. The Indians spend the summer and 
most of the winter on the main river, where iixej have rather com- 
fortable log cabins. The summers are largely occupied in catching 
and drying fish, an occasional hunting trip being undertaken for 
fresh meat. The natives along the Susitna are familiar with the 
country drained by the Yentna, and make hunting and trapping 
expeditions into it in the fall and winter. 

SUPPUES AND TRANSPORTATION. 

The only practicable route to the Yentna district is by way of 
Susitna and Yentna rivers. During the summer months the Alaska 
Northern Railroad may be used from Seward to the head of Turn- 
again Arm. From the terminus of the railroad, as well as from 
Seldovia and other points on Cook Inlet, launches carry both pas- 
sengers and freight up Susitna River to Susitna Station, which is the 
center of supplies for the Yentna country. Launches make occa- 
sional trips during the summer from Susitna Station up the Yentna, 
which is navigable for light-draft boats almost all the way to the 
forks of the river. A trading station was formerly. maintained on 
the Susitna near the mouths of Talkeetna and ChuUtna rivers, and a 
stem-wheel steamboat plied up the river to that point. This station 
has now been abandoned, and the steamboat taken to another part of 
Alaska. The route most followed to the placer camps in the neigh- 
borhood of Cache Creek leaves the Yentna at McDougall, a small 
village at the mouth of Lake Creek. From McDougall a wagon road 
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has been built, which follows the east bank of Lake Creek upstream 
for about 15 miles and then swings across to Kahiltna Riyer. A 
bridge which was built across the Kahiltna was washed out in the 
spring of 1911, so that it was necessary to swim horses at this point, 
passengers crossing in rowboats. Beyond the Kahiltna the trail fol- 
lows the high ground along the west slope of Peters HiUs and across 
seyeral miles of marshy ground, which in summer may be crossed by 
horses with difficulty. Cache Creek yalley is reached at the mouth 
of Spruce Creek and followed upward from that point. As suppUes 
can be transported oyerland much more cheaply by sled in winter 
than by any means in summer, and as the winter is the season dur- 
ing which the miners haye most leisure, open-cut mining methods 
being impossible until the streams run free of ice in the spring, 
almost all of the freighting is done in winter, either from Susitna 
Station or from McDougall. From the former point the sled 
route follows Susitna and Yentna riyers either to the mouth 
of Kahiltna Riyer or to McDougall, depending on the part of the 
country to be reached. Much of the freight for Peters Creek and its 
tributaries has been taken up Kahiltna Riyer and Peters Creek. 
Practically all of the freighting for Cache Creek is done by way of 
McDougall and the wagon road to the Kahiltna. From the trail 
crossing at Kahiltna Riyer the winter route most used ascends 
Kahiltna Valley for some miles and then swings up the slope to meet 
the summer trail a few miles south of Cache Crock. Until 1907 
this region was supphed in summer by a pack train, which used a 
trail from a point on Yentna Riyer near the forks and, following 
a course parallel with the base of the mountains, crossed the Kahiltna 
just below the glacier. It then lay along the northwest edge of 
the Cache Creek basin and terminated at Home Lake, in the Toki- 
chitna Valley. This trail is now little used, and though portions 
of it can still be distinguished it is for most of its length so oyer- 
grown by brush and grass that one not familiar with its course would 
haye difficulty in foUowing it. 

The diggings in the basin of Twin Creek are most often reached by 
following the Yentna to McDougall, from which supplies are sledded 
up the wagon road to a point more than half way to the Kahiltna- 
Here a winter trail branches to the westward and follows up Lake 
and Camp creeks. In leaying the country in the fall the miners 
from Twin Creek usually build boats or rafts and float down the 
Yentna. From Cache Creek the trail and road are used to McDougall 
and launches are taken from that point to Susitna Station. From 
the headwaters of Peters Creek the trail to Tokichitna Riyer is 
often followed, and boats are built to descend this stream and the 
Chuhtna to Susitna Riyer. 
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One of the serious problems which oonfront the miners in the 
various camps is the difficulty of obtaining timber suitable for saw- 
ing into lumber for sluice boxes and for other mining uses, as most of 
the mines are located above timber line. Cache Creek valley and 
its branches formerly contained some spruce timber up to the point 
where a sawmill was built, a mile or more above the mouth of Thun- 
der Creek. The heavy demand for logs for the sawmill has caused 
the cutting away of all the best trees as far downstream as the mouth 
of Spruce Creek, so that a haul of at least 7 miles to the sawmill is 
now necessary. A toll of half the logs brought in is charged the 
miners for sawing at this mill. Peters Creek is timbered below the 
|Ower canyon, and logs for lumber and fuel are brought from that 
locality to the diggings on upper Peters Creek and its affluents. 
Some logs are also procured for these camps from the Tokichil^a 
Valley. Lumber and fuel for the mines on Mils and Twin creeks are 
obtained from the lower reaches of these streams, a few miles below 
the camps. 

OEOIiOOT. 

PRINOIPAL FEATX7BB8. 

The distribution of the geolo^c formations represented in the 
region is given on the accompanying map (PI. Ill, in pocket), and 
the relations of the various formations to one another are shown in 
figure 2. The oldest rocks of the district consist of a series of slates 
and graywackes, which forin the cores of all the foothill ranges and 
are an important element of the Alaska Range, especially along its 
southeastern flank. The slates and graywackes are interbedded, in 
some places in about equal amounts, in other places one or the other 
phase predominates. The slates vary in character from place to 
place, ranging from fissile, thin-cleaving rocks to more massive 
argilUtes, and the high development of the lines of schistosity in many 
localities makes it difficult to determine the original bedding of the 
sediments. The graywacke is generally hard and massive and in 
some of its phases is with difficulty distinguished from fine-grained 
dike rocks, for which it is often mistaken by the miners. This slate 
and graywacke series forms the hard bedrock of the placer camps in 
the Cache Creek basin. 

After the sediments of which the slates and graywackes are com- 
posed were deposited they were metamorphosed almost to their present 
state, the changes consisting of an alteration from muds and sands 
into hard slates and graywackes. This was accompanied or followed 
by rather intense folding and faulting, which probably took place while 
the materials were buried beneath a heavy covering of later sediments. 
The metamorphosed series was then intruded by large masses of 
granitic rocks, which formed great laccoUtbs in the slates and which 
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dent out many dikes into the surroundiiig rocka and still further 
metamorphosed the materials near the contacts. The whole masd 
was then uplifted, and erosion exposed the intruBive masses which 
now fonn much of the high part of the Alaska Range. The effect* 
of the intrusion are seen in the abundant veins of quartz which 
are found in the slates for several miles from the borders of the 



Hd BraM gbeW aat>^ 
FMnua-Ud gtfni ud Mttk) 
MhW (FMKoeae md RaetM) 



FioDU a.— Oananllud <x 



in of ttw rooki of the YeDtm dMftot. 



intnisiveB, and it is probable that these veins are the source from 
which the placer gold of the district has been derived. The evidence 
at hand regarding the age of the slates and of the granitic rocks will 
be discussed in a later paragraph. 

Tertiary beds, composed of litUe-consolidated sands, shales, 
gravels, and some lignitic coal, c" •• '" '• * ^ ' -Wes in the more favorably 
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situated depressions between the foothill ranges and extend eastward 
from these hills, the beds forming the so-called "soft bedrock'' of the 
miners. They disappear beneath the later deposits of the Susitna 
basin, but their structure along the slopes of the Yenlo and Peters 
hills, and their presence in the deep canyons of Kahiltna River and 
Lake Creek indicate that they probably underlie much of the broad 
Susitna basin. Coal that probably formed a part of these beds has 
been mined on the south bank of Yentna River, about 7 miles above 
its mouth. In the area near the head of Twin and Camp creeks the 
coal-bearing series is overlain by a heavy deposit of stream-washed 
gravel, much coarser than anything seen in the coal-bearing series 
itself. Exposures of this gravel series are also found on the west side 
of Treasure Creek. The gravels are many hundred feet thick and 
seem to be structurally conformable on the coal-bearing beds. 

Next younger than -the Tertiary sediments and the associated 
gravels is the widespread blanket of glacial materials that masks the 
older formations throughout a great part of the area outside of the 
high mountains. The glacial beds consist of morainic material 
deposited directly by glacial ice and of gravels which were laid down 
by the glacial streams. The morainic material in most places consists 
of tough blue clay, in which gravels, bowlders, and angular pieces of 
rock are embedded and in which there is a complete lack of assort- 
ment of materials such as is found in water-laid beds. Glacial stria- 
tions are particularly abundant on the rocks in the glacial till in this 
region. The glacial gravels form most of the benches along the sides 
of the stream valleys. The glacial deposits shown on the map 
(PL III) vary greatly in thickness from place to place, but over the 
area shown tliey are of sufficient thickness to conceal the underlying 
formations. The latest deposits considered are the gravels of the 
present streams, which form narrow strips along most of the creek 
valleys and cover large areas in the basins of the more iniportant 
rivers. 

SEDXMENTABY BOCKS. 

SLATE AND GRAY W ACRE SERIES (PALEOZOIC OR MESOZOIC). 

Distribution and character, — ^A thick series of slates and gray- 
wackes forms the underlying hard bedrock throughout a large part 
of the area here considered. Its surface outcrops (PI. HI, in pocket) 
extend from Yenlo Hills to a point far up the Yentna, probably to 
the glaciers on the East Fork and from the Yentna in a northeast 
direction beyond Tokichitna River. As will be shown later, what 
are probably the extensions of this series stretch both north and 
south of the Yentna region. Within the limits dejBned, however, 
the slates and graywackes form an important part of the alpine por- 
tion of the Alaska Range, especially along its flank, and form the 
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cores of both Dutch and Peters hills (PI. VII, A), They consist 
chiefly of black to gray slates and phyllites, in many places carbo- 
naceous, and beds of graywacke, which range from fine-grained to 
coarae gritty rocks. In some places Ae rocks axe maasive, with 
argilhtes instead of slates, but the foliated types are much more 
widespread than the massive types. It is difficult to estimate just 
what proportion of the whole series is formed by the graywacke 
beds. Many sections show great thicknesses of the slaty phases, with 
very little graywacke present. At other localities the graywackes 
preponderate, occurring in thick, massive beds that show little foUa- 
tion or schistosity and that are often mistaken by the miners for 
fine-grained dike rocks, which they closely resemble. The whole 
series is much jointed, the graywackes less closely than the slates, 
which are in many places broken into long prismatic pieces by sets 
of intersecting joints. In the Yenlo HiUs, in addition to the usual 
slates, phyllites, and graywackes, there are certain sihceous beds of 
the series that are almost quartzites and that are intricately and 
closely cut by tiny veinlets of quartz. Evidences of mineralization 
are widespread in these rocks. A characteristic phase of the slates 
in many places throughout the region contains small cubical cavities, 
the largest a quarter of an inch in diameter, formed by the leaching 
out of cubes of iron pyrite, the rock being discolored for some distance 
around each cavity. Some of the graywacke beds also show the 
presence of much finely disseminated pyrite. 

Glaciation in the slate area has been so severe and the mechanical 
weathering of the high mountains m postglacial time has been so 
rapid that few opportunities are afforded for the study in place of 
the residual materials formed from these rocks. At several places, 
however, where the slate series was overlain by Tertiary deposits, 
the old pre-Tertiary weathered surface has been preserved, to be 
exposed by recent stream cutting. At these localities the slates, 
when deeply decayed, break down into whitish and bluish kaolinic 
clays, and the graywacke beds, by the removal of the cementing 
material, yield soft arkosic sandstones. 

In the higher mountains a great mass of granitic rocks has been 
intruded into the slates, and for several miles from its borders dikes 
of various kinds of rock occur. Most of the dikes are narrow and 
of no great length, and no attempt has been made to map any but 
the larger masses. Nevertheless, the intrusions as a whole have 
had an important influence on the economic development of the dis- 
trict. The intrusive rocks will be described in another section of 
this report. Along the contact with the great intrusive mass of the 
main range the slates and graywackes have been profoundly meta- 
morphosed into hard dense rocks, which under the microscope show. 
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besides carbonaceous material and quartz, such secondary minerals 
as biotite, muscovite, garnet; andalusite, and cordierite. The 
extreme effects of contact metamorphism appear for otily a short 
distance beyond the contacts, but an unusual amount of mineraliza- 
tion is present for several miles from the intruded bodies. The 
abundance of quartz veins is also dependent on nearness to the 
contact, the number and size of the veins being greatest near it, 
and decreasing with distance. Few veins which might be called true 
fissure veins were seen, most of them being small gash veins of irregu- 
lar shape or even minute leaf-like stringers. In the rocks of the slate 
series, within 8 or 10 miles of the intrusive contact, all of the gold- 
producing streams of the Cache and Peters creeks region have their 
heads, and the mineralization of the slates is in lai^e measxire due 
to the influence of the granitic intrusions and of the associated dikes. 
Though as yet no gold has been found in veins in place, pieces of 
small quartz veins with adhering slate walls, containing free gold, 
have been found in the sluice boxes on several creeks, and this and 
other known facts point to the veins in the slat« and grayiiracke 
series as the source of the gold which is now being recovered by placer 
methods from the streams in the Cache Creek region.* 

Structure and thickness. — Structurally the slates and graywackes 
are everywhere folded and faulted, though in varying degree in dif- 
ferent places. In some locaUties the folds are gentle, and for some 
distance the beds appear to have uniform dips and seem to be merely 
tilted. Other exposures show intense folding in more than one direc- 
tion, a wide range of strikes and dips being seen within short dis- 
tances. Even hand specimens of the rock may show complex systems 
of minute folds. The development of a slaty cleavage and of well- 
defined systems of joints adds to the difficulties of working out the 
structure of the series, as either the direction of cleavage or of a 
pronounced system of joints may be mistaken for the planes of bed- 
ding. The most reliable readings of the true strike and dip in any 
locality were found to be those taken on beds of graywacke inter- 
bedded with the slates, for these denser beds are less readily meta- 
morphosed than the slates and seldom show foliation or schistosity. 
A large number of strike and dip readings show that the trend of 
the strike is almost everywhere in a general northeast-southwest 
direction, the average being N. 62® E., parallel with the trend of the 
Alaska Range. There is greater variance in the direction and angle 
of dip of these rocks, as is to be expected from the presence of minor 
folds, but the majority of the dips were to the southeast, away from 
the high mountains, the average dip being about 60® in that direction. 

1 A quartz vein ccntAlning visible tree gold is said to have been found on upper Nugget Creek since 
this report was written. This discovery strengthens the conclusion already reached— that the quttti 
veins in the slates and graywackes are the source of the gold found In the stream placers. 
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It will thus be seen that the slate and graywacke series lies on the 
limb of a great structural anticline which parallels the axis of the 
mountain range. In the southward continuation of this series 
Brooks^ has found similar conditions to prevail in the Kichatna 
basin. In addition to the folding the rocks have also been severely 
affected by faulting. One fault is known in which the displacement 
must be measured in thousands of feet, and doubtless there are many 
other faults which escaped detection, as the character of the beds is 
so uniform throughout the series that offsets are inconspicuous, and 
the surface scarps have as a rule been removed by glacial erosion. 
The facts known are not sufficient to justify estimates of the thickness 
of the series. The dips may be fairly uniform through considerable 
distances, but the problem is compUcated by the possibilities of 
unknown faults which may reduplicate the beds. It is certain, how- 
ever, that the series ia several thousand feet thick. Brooks ^ gives a 
provisional estimate of 2,000 to 3,000 feet for the section along the 
Kichatna Valley, and this seems a very moderate estimate for the 
Yentna region. 

Age and correlation. — ^Within the area studied the formations which 
underhe the slates and graywackes were nowhere seen and nothing 
was learned about them. The metamorphism and erosion which the 
slates and graywackes have suffered indicate that a long period inter- 
vened between the deposition of these rocks and those next younger, 
the Tertiary coal-bearing beds. A careful search for fossils in many 
places failed to reveal anything which might aid in the determination 
of their age. Nothing was learned, therefore, to establish their age 
beyond the fact that they are pre-Tertiaiy. On the continuation of 
this belt in the Kichatna Valley, Brooks ' has made the f oUowing 
statement: 

The elates above described are overlain by rocks assigned to the Middle Jurassic. 
They resemble somewhat the aigillites on the west side of the Alaska Range which 
form a part of the Tonzona group and are assigned to the Silurian or Devonian. 
They are also somewhat similar to the metamoxphic sediments of the Knik Arm 
region, which have been described on page 61. The structure of the cross section 
of the Alaska Range between the Kichatna and the Kuskokwim is that of a syn- 
clinorium whose center is occupied by the Mesozoic beds. The above &cts all 
point to the conclusion that these slates are of Paleozoic age, and if a more definite 
assignment should be made they would probably be correlated with a part of the 
Tonzona group (Devonian or Silurian) of the Kuskokwim Valley. As the slates have 
yielded no organic remains, their age can not now be more definitely determined. It 
should be noted, however, that these supposed Paleozoic slates are not very different 
lithologically from some of the overlying Jurassic beds, and it is by no means impos- 
sible that they may be Mesozoic. They differ from the Jurassic rocks in being some- 

» Brooks, A. H., Tbe Mount lIcKinley region, Alaska: Prof. Paper U. S. Geol. Survey No. 70, lOU, 
pp. 67-e8. 
s Idem, p. 68. 



Ininmve rocks. — It has already beea stated that the slate and 
graywacke series is cut in the higher parts of the mountains by a 
large intrusive mass and that dikes of various kinds are also found 
in many places. As these intrusives cut the slates and contain 
inclusions of them, they are known to be younger than the slate 
series. Furthermore, as intrusive rocks were nowhere seen to cut 
the Tertiary beds, it is concluded that the intrusives are older than 
the Tertiary. The description of the various types of intrusive rocks 
is given on pages 45-47. 

TERTIARY 8T8TEM. 
SOCEHZ SXaiES {COAI. BEABINa). 

Distrihutvm. — Between the slates and grajT^'ackes and the next 
younger sediments of the region, the Tertiary beds, there is a break 
in the geologic succession, representing a long period of time during 
which the slates were indurated, folded, and faulted and then 
intruded by great bodies of igneous rock. After the cooling of the 
intrusions the rocks were subjected to erosion and an unknown 
amount of material was removed. It is even possible that great 
thicknesses of rocks of various kinds were laid down over this area 
to be completely removed by erosion before the begiiming of Tertiary 
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times. The relief of the Alaska Range at the end of this interral is 
believed to have been less sharp than at present, and broad drainage 
basins had probably been established, one of them in a position 
somewhat similar to that of the present Susitna River. The change 
from conditions of erosion to those of deposition was probably 
brought about by a gradual subsidence, which caused the materiab 
eroded in the headwater regions of the streams to be deposited, in 
Eocene times, in the lower portions of the basin as estuarine, fluvia- 
tile, or lacustrine beds. These sediments now occupy considerable 
areas in the Yentna region, extending from the base of the high moun- 
tains toward the lowlands. Their areal distribution is shown on 
Plate III (in pocket), but the mapped areas indicate only those 
places where the Eocene beds outcrop at the surface. It is certain, 
however, that the Eocene deposits underlie large areas in the low- 
lands, where they are covered by morainal material and by recent 
stream gravels. Beds of this age outcrop at many places where 
deep stream valleys have cut through the overlying materials, as in 
the gorges of lower Lake Creek and Kahiltna River, so that it is 
justifiable to presume that the Eocene beds are continuous between 
these streams and extend for some distance both to the east and 
west of them, and ako that they underUe much of the high plateau 
north and west of Yenlo Hills. Furthermore, exposures show their 
presence at many points around the borders of the great Susitna 
basin, as on the Skwentna opposite the mouth of Hayes River; on 
the lower Kichatna; along the east base of Peters Hills; between 
Chulitna and Susitna rivers; on lower Matanuska River, and at 
many points around the head of Cook Inlet. In the central portion 
of this basin the beds are exposed at Susitna Station, and on Yentna 
River about 7 miles above its mouth. A more complete knowledge 
of this little-known region will unquestionably show many more 
occurrences of these rocks, and the evidence already at hand lends 
strong support to the presumption that the Tertiary beds underlie 
much of the lower Susitna basin below the borders of the surrounding 
mountains. 

In the territory bordering the mountains in the Yentna district the 
Eocene beds were deposited over a considerably larger area than that 
which they now occupy, to be subsequently removed by erosion. 
They may once have been continuous between Martin and Cache 
creeks, over what are now the Peters HiUs, and their preservation in 
the northwest extensions of the field is in most places due to a favor- 
able location protected from severe erosion by glacial ice and by 
streams. The edges of the areas of Eocene deposits almost every- 
where show the effects of erosion, for the materials are soft and are 
easily removed by streams or by glacial ice. In most places it is now 
impossible to determine how much of the surface was formerly 
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The complete series of the Eocene coal-bearing beds is probably 

^ nowhere exposed in the Yentna region, and 

8 any estimates of its thickness, based on the 

I sections examined there, are likely to fall 

S short of the original maximum thickness of 

i the series. In many places in the Cache 

I Creek valley 250 to 300 feet of the beds are 

. exposed without showing their base, and at 

t these places erosion has without doubt re- 

$4 moved the upper portion of the series. The 

r, 1 most complete section examined is that on 

I z the north side of Fairview Mountain (fig. 3, p, 

-a I 31), at which locality over 900 feet of Eocene 

3 -o beds overlain by the Tertiary gravels are ex- 

I a posed. As Fairview Mountain is probably 

I I near the northwest border of the area whidi 
s ^ received Eocene sediments, and as the depo- 
f I sition of Eocene beds is believed to have com- 
1 1 menced in the lower parts of the Susitna-Cook 
I ■ Inlet depression and to have gradually ex- 

I -o tended to its borders, it is entirely possible 
M^. that the seriesatFairviewMountainisincom- 

I I plete, lacking the lowest members represented 
^ * around the borders of Cook Inlet. 

I c -^^^ ^^ correlation. — ^The determination of 

I H theageofthecoal-bearingserieshasbeen based 
on lithologic, stratigraphic, and paleontologic 
grounds. The distinctive character of the 
sediments, which differ from all other rocks 

n ^ of the region, suggests at once their correlation 

I 3_ withthecoal-bearingbedsofCooklnlet. This 

I I similarity is emphasized by the occurrence of 
1 1 iignitic coal in the series at both places. At 
^ E Tyouek, on Cook Inlet, similar beds have been 
^ I determined by Arthur Hollick and F, H. 
f Knowlton, on the evidence of fossU plant re- 
^ mains, to be of Kenai age, now assigned to the 
I Eocene. In the Yentna region, fossil plant 
i remains were found at only a few locaUties, and 
I as they occur in soft clayey shales, it was 
T difficult to preserve them unbroken until they 
>i could be brought back for identification. In 
5 the material coDected, however, enough forms 

were identifiable to correlate the coal-bearing 

I of the Yentna region definitely with the Kenai formation of 
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Cook. Inlet. The collections were examined by Arthur HoUick, who 
made the following determinations: 

Collection No, 1. 

From Cache Creek, one-half mile above Cache Cieek Mining Co.'s camp. From bed 
280 feet below top of series as here exposed . 
The matrix is a very friable clay. Many of the specimens were broken in fragments 
and of no value . The following identifications were made : 

Taxodium tinajorum Heer. 

Populns arctica Heer. 

Corylus macquarrii (Forbes) Heer? Fragment. 

Corylus? Fragments. 

Alnns kiefersteinii Goepp. 

Juglans acuminata Al. Braun. 

Quercus pseudocastanea Goepp. 

Planera ungeri Ettingsh.? Fragment. 

Acer arcticum Heer? Fragmentary. 

Fruit of Acer arcticum Heer? 

Grewia crenulata Heer? Fragmentary. 

Rhamnus, perhaps new species, like R. salicifolia Lesq. 
Age, Tertiary (Eocene). 

Collection No. t. 

From bed of Cache Creek, three-quarters of a mUe below collection No. 1, in approxi-* 
mately the same horizon. 

This collection consists of a single piece of hardened ferruginous clay, containing 
on one side poorly preserved remains of a conifer (Sequoia langsdorfii (Brongt.) Heer?) 
and on the other a fragmentary angiosperm leaf, possibly Corylus sp. 

Age, apparently Tertiary (Eocene). 

Collection No. 4* 

From bed of creek in Chicago Gulch, Mills Creek basin. 
Matrix, friable clay, containing one species (Betula prisca Ettingsh.). 
Age, Tertiary (Eocene). 

The above determinations show that the coal-bearing beds of both 
the Cache Creek and MiUs Creek valleys are of Eocene age. More com- 
plete collections, taken from the upper and lower parts of the series, 
would limit more sharply the portion of Eocene time represented by 
these deposits, but the age determination is sufficiently definite to 
show that the beds were laid down at the same time that much of the 
Susitna basin and Cook Inlet area, as well as extensive regions in 
other parts of Alaska, were receiving similar deposits. 

GBAVXLS 

Character and distribvUon, — At a number of localities within this 
district there occurs a thick deposit of coarse, stream-washed gravels 
lying above the sands and clays of the Eocene coal-bearing series. 
These gravels are best exposed in the hills between the heads of 
Slate and Pass creeks, and on Cottonwood Creek along the north 

77092^— BuU. W4— 13 3 
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side of Fairview Mountain (PI. VIII, B). Similar deposits exist at 
a number of places, including upper Treasure Creek (PI. IX, A), Nug- 
get Creek at tlie mouth of the canyon, and Cache Creek at the mouth 
of Windy Creek, but the relations of the gravels to the coal-bearing 
series at these localities are not dear. In the excellent exposure on 
the head of Slate Creek the section shows 1,100 feet of beds, composed 
almost entirely of coarse gravels (PI. IX, B), but containing a very , 
small proportion of finer sandy beds. The gravels are rudely strati- 
fied, as though by streams, the largest bowlders being about 1 foot 
in diameter, but most of the pebbles measure from 2 to 4 inches ^-K 
through and are mixed mth much sandy material. A large variety 
of rocks is represented by the pebbles — slates, graywackes, black ; 
and gray conglomerates, and quartz are present, as well as diorites 
and many other types of igneous rocks. The deposit throughout its I 
thickness shows a yellowish color due to oxidation, but the yellow ' 

color is evidently only a coating on the pebbles, for it has disappeared • 

from the materials that have been rehandled by streams. The great | 

age of these gravels is attested by their decayed condition, many of ' 

the pebbles being so rotten that they crumble and fall to pieces 
when disturbed, although they must have been hard and firm when 
they were rounded and deposited by the streams. 

Structure and thickness. — Evidences of the stream-laid character of 
the gravels were seen at all the exposures examined. The imperfect 
assortment, with lenses of coarse sand and some silt, is remarkably | 

like that seen in the deposits of the present streams. The great 
thickness of the beds, however, and the width of the area over which 
they are supposed to have once been continuous, indicate that they 
were laid down as a sloping plain of alluvial outwash along the flanks 
of the range, their original slope being a few degrees southeast. 
Since their deposition the gravels have been uplifted and faulted, 
and the present slope of the beds, though in the same direction as 
the origtual slope, is much greater, the observed dip being 11^ SE. 
at the head of Slate Creek, decreasing away from the mountains to 
6® or 6® near Pass Creek, 16° SE. on Fairview Mountain, and 5° to 
6° S. on Treasure Creek. At the Pass Creek locality and on Treasure 
Creek the depositional angle of dip has been increased by the uplift 
of the mountain range, the uplift having involved the foothills also 
in the general elevation. The still steeper dips on Fairview Moun- 
tain are due to a strong upward movement of the rocks on the south 
side of the Pass Creek f aidt. 

The original thickness of the gravels is not known, as the complete 
series is probably nowhere present in this district. At all the ex- 
posures examined the beds have suffered much from erosion, and a 
part of the series has been removed. The greatest thickness noted 
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.was at the head of Slate Creek, at which place the gravels are 1,100 
feet thick, measured perpendicular to the bedding (PI. X, ^). On 
Fairview Mountain measurements made in the same way show over 
500 feet of gravel, as compared with 600 feet exposed on Treasure 
Creek. In much of the Cache Creek basin, as well as on the east side 
of Peters Hills and on lower Lake Creek, the gravels have been re- 
moved by erosion from above the coal-bearing sediments, if indeed 
they formerly overspread these beds. Little is known of their dis- 
tribution or thickness in the Susitna lowland, as the siuf ace is there 
covered by later glacial and stream deposits. 

Age. — ^No fossils have as yet been found in the gravel series, so. 
tJiat a definite determination of its age can not now be made. In 
the Fairview Mountain section, where the relations of the gravels to 
the underlying formations could best be studied, the gravels lie 
directly on the Eocene coal-bearing sediments. Both were tilted to 
an angle of 161^, and no structiuul break could be discerned between 
the two, the gravels seemingly having been a continuation of the 
Eocene sedimentation, although the conditions in the area from 
which the sediments were derived must have been very different from 
those which obtained throughout Eocene time, and the gravels may 
be of Eocene or later Tertiary age. The only other place at which 
the base of the gravels was observed is at the head of Slate Creek. 
At this place the gravels do not lie on the coal-bearing beds but on 
the older slates, and the contact is plainly unconformable. A short 
distance down Slate Creek, however, the coal-bearing beds outcrop 
beneath the gravels, so that the contact between the gravels and the 
slates represents a depositional overlap, an extension toward the 
mountains of the gravel area beyond the basin in which the coal- 
bearing beds were laid down. 

The relations between the gravels, the coal-bearing beds, and the 
underlying rock at Fairview Mountain are remarkably similar to 
conditions which have previously been studied in the Bonnifield 
region, on the north side of the Alaska Range in Nenana River basin. 
This region was first described by Prindle,^ who visited it in 1902 
and again in 1906, and was later studied by the writer, in 1910. A 
comparison between figure 3 of this report and the section in the 
Nenana basin' shows that in both places the Eocene coal-bearing 
beds lie unconformably on a much older rock formation and are 
succeeded above with structural conformity by a heavy gravel series. 
The structure of the gravels is remarkably alike in both places, the 
only noticeable difference being in the composition of the pebbles, 
as they were derived from widely separated localities. In both 

1 Prindle, L. M., Th« Boonifldd and Kimthyina regions: Bull. U. 8. Oeol. Survey No. 314, 1907, 
> Ctffg^ 8. B., TIM Bomlflald region, Alaska: Bull. U. 8. 0«ol. Surrey No. 601, 1912, tg. 8, p. 68. 
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localities the beds have been tilted and dip away from the mountains. 
In the Bonnifield region, near Wood River, the writer found the 
Nenana gravel lying unconformably on coal-bearing beds, but there 
was no evidence that these beds represented the top of the coal- 
bearing sediments, and the unconformity might be only a local varia- 
tion, and the succession from the coal series to the gravels continuous, 
both structurally and chronologically, throughout most of the area. 
The writer was inclined to believe that in the Bonnifield region there 
was a time break between the coal series and the gravels. A later 
study of the Yentna region, where structural conformity exists 
between the Eocene coal-bearing series and the gravels, has shaken 
this conclusion and given additional weight to the view held by 
Prindle that if the two series of deposits were separated by a time 
interval at all it was relatively short. 

It has been shovm that the gravel series is younger than the 
Eocene coal-bearing beds. The next younger deposits seen are of 
glacial origin, probably of Pleistocene age, and these in many places 
overlie the gravels. Furthermore, the gravels and the coal-beaiing 
sediments are cut along Pass Creek valley by a fault which dis- 
placed the beds some thousands of feet. (See fig. 4.) The high 
slate scarp of this fault, on the southeast side of the valley, was over- 
ridden by ice at the time of the maximum glaciation and was 
smoothed and sculptured by the glacier into characteristic and 
unmistakable forms. There has been no considerable movement 
along this fault since the disappearance of the glacial ice. If, then, 
a fault of some thousands of feet displacement had taken place before 
glacial times, it appears evident that the gravels cut by this fault 
must be considerably older than Pleistocene, and this conclusion is 
supported by the advanced stage of oxidation and decay of the 
gravels, as compared with the deposits of known glacial origin. 

It can therefore be stated definitely that the gravel series is older 
than the time of the last great glaciation and is younger than the 
Eocene coal-bearing beds. Its stratigraphic conformity with the 
Eocene deposits, both in this region and in other parts of the Alaska 
Range, seems to justify its assignment to the Tertiaiy. 

QUATERNARY SYSTEM. 
F&XGLAOXAL OOHDmOVS. 

The elevation of the area now occupied by the Alaska Range, 
which rejuvenated the streams and caused them to build the gravel 
outwash plains along the mountain foot, continued after the gravels 
described in the preceding pages had been deposited and in time 
affected also the foothill areas which had previously received a gravel 
covering. This widespread uplift ultimately caused the larger 
streams to intrench themselves in the gravel filling in great valleys 
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running at right angles to the axis of uplift. The movement tilted 
the gravels in some places and folded or faulted them in others. 
How long this elevation continued, or whether or not it is even now 
completed, is not known, but it is believed that the more important 
topographic features, such as the main jnountain range, the foothill 
ridges, and the larger river valleys were all developed by the end of 
Tertiaiy time. In the details of siuf ace configuration, however, the 
appearance of the region must have been greatly different from that 
of to-day. The land f onns had been developed chiefly by weathering 
and by stream erosion, and the valleys were no doubt of the usual 
stream-cut type, V-shaped in cross section, and with interlocking 
spurs. There must also have been great accumulations of talus at 
the base of the steep slopes and of deeply decayed rock and soil in 
the regions of less relief. 

OLAOXAL SPOOK. 

ADVANCE OF THE ICE. 

The glacial epoch was inaugurated by a decided change in climatic 
conditions, either a lowering of the temperature, an increase in pre- 
cipitation, or a combination of the two. At any rate, there was a 
gradual accumulation of snow in favorable situations, probably tak- 
ing place first on the peaks of the highest mountains. As each 
winter added its quota of immelted snows the snow fields became of 
wider extent and of greater thickness, until sufficient ice had accu- 
mulated in the valley heads to form small glaciers and start glacial 
movement. These smaller glaciers gradually extended down their 
valleys, joining in the main drainage lines to form great ice tongues. 

Whether or not there was more than one important stage of gla- 
dation in the Alaska mountains is still uncertain. Recent studies in 
the high moimtains of Colorado have shown that there were at least 
two, and probably three, distinct glacial advances, separated from 
one another by long periods of time, and that the first one was much 
more extensive than the last two, the evidences of which are distinct 
and unquestionable. In the Yentna region, as well as in other parte 
of the Alaska Range, the last great ice advance was so extensive that 
it destroyed or covered up all deposits of earlier glaciations, if they 
existed there, and although future detailed work may prove that 
there have been earlier glacial periods in Alaska, there are as yet no 
data on which such an assumption can properly be based. 

The glaciers, as they grew and advanced farther and farther from 
the valley heads, were able by their erosive action to profoundly 
alter the topography of their basins. They removed first, the Iqir 
soil, talus, and residual materials and then attacked the ImIf 
surfaces that they had uncovered. Heavy, constailttMjP^ 
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glaciers shod with rock fragments are agents admirahly adapted to 
remove any obstructions which may oppose their advance or restrict 
their channels. They removed all hiUs, projecting spurs, and other 
irregularities of their beds, and changed the normal Vnshaped cross 
section of stream-cut vatleys in high mountains to the broad U shape 
characteristic of glacially sculptured basins. In this region the 
most conspicuous examples of straight, steep-sided U-shaped valleys 
are those of Yentna, KahUtna, and Tokichitna rivers, though there 
are great numbers of smaller but no less perfectly developed glacial 
troughs, both in the foothills and on the flanks of the main range. 

EXTENT OF QIAOIATION. 

That the glaciers in this region were formerly of much greater 
extent than now is shown by the distribution of glacial deposits and 
by the topography of the area over which the ice spread. It has 
long been known that Susitna basin was once occupied by a great 
glacier which reached tidewater in Cook Inlet. Brooks ^ has noted 
the presence of glacial till along the shores of Cook Inlet and has stated 
that the ice moved far down this depression, it being possible that 
the glacier terminated not far from the mouth of the inlet. It 
received ice from the mountains of Kenai Peninsula and from the 
Chigmit Mountains west of Cook Inlet, and important tributary ice 
streams came down Turnagain Arm and the Matanuska Valley, but 
the great supply of ice must have come from the high moimtains 
which surround the Susitna basin. Glacial deposits are also known 
to exist throughout the area of Copper River basin and in the broad 
depression along the upper Susitna between Copper and Susitna 
basins, so that a great connected ice field must at one time have 
occupied all of the area between the coastal mountains and the 
Alaska Range, broken only by the high mountain masses which pro- 
jected above its surface. There was at that time a continuous 
glacier reaching from Broad Pass to the head of Cook Inlet and an 
imknown distance dovm it. It certainly had a length of 200 miles 
and may have been over 300 miles long. All the lowland area of 
the Yentna region was covered by this glacier. Brooks * has noted 
glacial terraces along Kichatna River, at an elevation of 2,400 feet, 
which he considers to mark the upper limit of glaciation at that place. 
On Yenlo Hills, however, at a point farther from the mountains that 
supplied the ice, glacial erratic bowlders were found at an altitude 
of 3,300 feet, and the rounded and smoothed form of the hiUs indicates 
that the glacier overrode all of this ridge, except possibly the highest 

peak, so that its surface there had an elevation of at least 3,600 feet. 

« — ' ' ■ ' ^"^^-^ '■" ' III ^^^^^_i..* 

1 Brooks, A. H., The Mount McKinley raglon: Prof. Tvper V. 8. CtaoL Bamj No. 70, 19U, pp. 198-127. 
t Idem, p. 127. 
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Fairview Mountain, about 3,000 feet high, has foreign bowlders on 
its top. In the valley of Granite Creek, a tributary of the Kahiltna, 
there are definite evidences of glaciation at an altitude of 4,200 feet. 
It therefore seems reasonable to attribute the rounded outlines and 
smooth crest line of Peters Hills and of most of the Dutch Hills south 
of Peters Creek to the erosive action of an overriding ice sheet. 
There the Dutch Hills reach elevations of 4,600 feet, and it may be 
that the crest of the ridge rose above the level of the surrounding ice 
sheet, but if so it was probably covered by a dome of ice which 
originated upon it. Peters Hills barely exceed 4,000 feet in height 
and were probably overridden by the glacier. The chief lines 
of glacial movement were from northwest to southeast, along the 
Yentna, Kahiltna, and Tokichitna valleys, as far as the east front of 
the foothills, where the ice joined the southward-moving ice sheet in 
Susitna basin. On the flanks of the main range the surface of the 
glacier, at the time when the glaciation was most intense, stood at an 
elevation of about 4,000 feet. The ice then probably had a thickness 
of 3,600 feet in Yentna valley at the forks of the river, 2,600 feet on 
the plateau between the Yenlo Hills and Fairview Mountain, 3,500 
feet in Kahiltna Valley at the mouth of Cache Creek, and 2,000 feet 
at the mouth of Nugget Creek. It is believed that glacial ice from 
the Tokichitna Valley flowed to the southwest through the basin of 
Cadie Creek and through the divide from Bear into upper Peters 
Creek. 

There is a strong contrast between the development reached by 
the ice on the south and east sides of the Alaska Range and that 
reached on the inland front of this range. Brooks ^ records that in 
the Kuskokwim basin the ice moved from the mountains far out into 
the lowland and that northwest of Mount McKinley it probably 
reached as far as Lake Minchumina, a distance of about 65 ndles from 
its source. In the Bonnifield region, between Nenana and Delta 
rivers, the writer' found that on the main drainage lines the outer- 
most moraines lie 30 to 40 miles from the valley heads, but the glaciers 
failed to coalesce into any such continuous ice field as that which 
occupied the opposite side of the range. The much greater develop- 
ment of ice on the south side of the Alaska Range is probably due to 
the fact that in glacial time, as now, the moisture-laden winds from 
the Pacific dropped their burden as snow on the south slope of the 
mountains and were relatively dry by the time they crossed the range 
to the interior. Another factor which favors the Pacific slope glaciers 
is the greater area of their accumulating grounds. On the south 
slope the average distance from the crest line to the base of the main 
range is more than 25 miles, whereas on the north it 18 only half this 

1 Brooks, A. H., op. dt., p. 126. 

•Oftpps, 8. R., The Bonnifldd ngioD, Aluka: BuIL V.9i9 ^iM8. 
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distance. The area of accumulation of those glaciers which lie on 
the north slope is therefore much more restricted and the glaciers are 
correspondingly smaller. 

The erosive action of the glacial ice in the mountain valleys of the 
Yentna region was very great, as is shown by the perfectly developed 
cirques and straight, broad, U-shaped valleys. Kahiltna Valley at 
the lower end of the glacier lies about 1 ,000 feet below the level of the 
plateau on either side of it, and glacial scour was certainly the 
cause of a considerable portion of this deepening, though perhaps 
not of all. Yentna Valley also shows the effects of profound 
ero^on, as does the Tokichitna Valley. In the areas between these 
great troughs there is evidence that glacial scour was much less 
severe. The broad basin between Tokichitna and Kahiltna rivers, 
occupied in part by Cache Creek, is floored with soft, easily eroded 
deposits, as is also the plateau between Yenlo Hills and Chelantna 
Lake. These areas were glacier covered and may have been stripped 
of some material, but by virtue of their protected positions escaped 
such vigorous grinding as that to which the main valleys were sub- 
jected. It is doubtful if the glacier removed any great quantity of 
sediments in the lowland or scoured the hard bedrock except at 
those places where hills of hard rock projected through the Eocene 
sediments. In the lowland in many places glacial till and stream 
gravels overlie soft Eocene beds, which would have been removed if 
erosion had been as intense as it was in the higher valleys. 

RETREAT OF THE ICE. 

The period of maximum glaciation was ended by a progressive 
change in the climate, which became less favorable for ice accumula- 
tion, so that the glaciers gradually decreased in area and thickness. 
This shrinking of the glaciers caused the ice tongue in Cook Inlet to 
retreat, and at the same time the glacier in the Yentna region became 
thinner. It is probable that the glacial retreat was neither rapid nor 
continuous but consisted of a series of recessional phases alternating 
with advances, the sum total of which was a gradual shrinking of the 
ice flood. The first rock masses to emerge from beneath the ice 
were the ridges of Yenlo, Peters, and Dutch hills. These were still 
in the area of glacial accumulation, and on them were formed local 
glaciers, which joined the greater ice sheet below and became longer 
as its border retreated. At a still later stage the ice tongues from 
the main valleys became separated from one another, and the plateaus 
between were laid bare, causing the valley glaciers in the foothills 
to become separated from the main ice tongues. A still further 
retreat brought about the withdrawal of the glaciers to their present 
positions and caused the complete disappearance of the glaciers in the 
'"'^thills from the cirques which they had carved for themselves. 
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Many valleys on the flanks of the Alaska Range also became free from 
glacial ice. 

PRESENT GLACIERS. 

YeniTUh glaciers, — ^Both of the headward forks of Yentna River 
rise in glaciers. The mountains that surround the West Fork are 
comparatively low and their glaciers are small. The East Fork heads 
in two large glaciers, one of which seems to flow from the east slope 
of Mount Dall, and the other probably drains the southeast side of 
Mount Russell. Their upper basins are still unexplored and their 
area is not known. Below the junction of these two tributary 
valleys the main trough is wide and deep, having straight-sided 
walls which give evidence of the severity of the glacial scour. No 
laige tributaries enter for some miles below the forks, though post- 
glacial erosion has notched the valley walk with sharp canyons 
along some of the stream courses. At the base of the mountains the 
old Yentna Glacier joined the ice streams which emerged from the 
Nakochna, Kichatna, and Skwentna drainage basins and with 
them poured a broad ice flood out on the Susitna lowland. 

EiaMUna Glacier. — One of the largest glaciers of the range occupies 
the upper portion of the Kahiltna basin. It extends to the edge of 
the mountains and at its lower end has a width of nearly 4 miles. 
Nothing is known of its length nor of the area which it drains, but 
from the size and position of its lower end it is evident that the supply 
basin is large and probably includes the southern slopes of Mount 
Foraker. Tlie lower 20 miles of this glacier may be seen from f avor* 
ably situated mountains along its sides, but a bend in the valley cuts 
off the view of the headward portion (PI. X, B). Below the bend the 
ice stream is 2 to 3 miles wide and has a rather uniform surface slope 
with a low gradient. A number of smaU tributary glaciers join the 
main ice stream from either side. Ribbon-like bands of moraine 
tliat stripe the surface become broader and more conspicuous toward 
the lower end of the glacier, but the surface is remarkably free from 
morainal covering, and white ice shows all the way to the glacier foot. 
There is no evidence that Kahiltna Glacier is retreating at present. 
Spruce trees many inches ia diameter grow close to the glacier front, 
showing that the ice is either advancing or stationary and that its 
terminus is now as far advanced as at any time for perhaps 200 years. 

At about the position of its present terminus the old Kahiltna 
Glacier joined the ice flood which at that time spread along the flanks 
of the range and connected with the glacial outflow from Yentna and 
Tokichitna glaciers. For much of the lower 25 miles of its course the 
river now flpws through a postglacial cut in the lowland deposits. 

Granite and Hidden creeks flow through severely glaciated valleys 
which join the Kahiltna 6 and 7 miles above the end of the glacier. 
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They head in small ice lobes (PL VI, B), and the valleys are notable for 
the straight, unbroken slopes of the side walls. Dutch Creek, the 
next tributary south of Granite Creek, has a glaciated valley. 
Through this valley and that of Bear Creek there was at one time a 
continuous ice field between Tokichitna and Kahiltna glaciers. 

Tohichitna glaciers. — ^Tokichitna River heads in two glaciers, the 
smaller of which, called Little Tokichitna Glacier, occupies a basin at 
the head of the main valley and drains a small area intermediate 
between the basins of Elahiltna and Tokichitna glaciers. The prin- 
cipal lobe flows from northwest to southeast and has a length of about 
11 miles, but toward its head large tributaries can be seen coming in 
from either side, and these drain an unmapped and unknown area. 
For the lower 6 miles of the glacier tlie ice is completely concealed 
beneath a heavy covering of surface moraine. Trees of considerable 
size grow on the river bars within a few hundred feet of the edge of the 
glacier, so that it is evident that the glacier front has at least main- 
tained its position for a long time, if it has not actually advanced. 

Tokichitna Glacier joins the river valley from the north, 3} miles 
below the source of the stream in Little Tokichitna Glacier. Its out- 
lines have been mapped for the lower 20 miles of its course, but its 
headward tributaries lie in the most inaccessible portions of the range, 
and nothing definite is known about their size or position. It seems 
probable that tlie glacier takes the ice drainage from the southern 
slopes of Mount Himter and possibly from Mount McKinley also. 
For its lower 15 miles it averages more than 2 miles in width and is 
separated by a narrow rugged ridge from another great glacier to the 
northeast. Its surface is moraine covered for 5 miles above the lower 
end. At the terminus heavy spruce timber grows dose to the edge 
of the ice, indicating that the glacier end has probably been nearly 
stationary for a long period of time. 

GLACIAL DEPOSrrS. 

Ifomine^.— Conspicuous terminal moraines are not common within 
the region here discussed, and it is probable that in its retreat the ice 
edge either did not remain stationary long enough to form prominent 
ridges or that they were later cut away and destroyed by stream 
erosion if they were ever formed. One of the best-developed terminal 
moraines seen is that which crosses Lake Creek valley just below Che- 
lantna Lake and which forms the dam behind which the lake is ponded. 
Broad areas in the lowlands have a mild rolling topography, with 
undrained lake-filled hollows and irregular hills, and this topography 
was developed by the ice, perhaps first beneath the glacier, to be later 
modified by material dumped from the terminus during its retreat. 
Even the existing glaciers, which have stood at about their present 
positions for a long time, have failed to form extensive moraines, and 
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the streams have removed the morainal material almost as fast as it 
has been dropped by the ice. Deposits of glacial till of the ground- 
moraine type are widespread, and most exposures in the lowlands and 
in the plateau areas around the foothills show a sheet of glacial material 
varying from 2 or 3 to 75 feet in thicknesSi characterized by its lack of 
assortment and containing fine clays and sands mixed with large 
bowlders and angular pieces of rock. Striated pebbles and bowlders 
are particularly abundant, as the slates are easily scratched by the 
harder graywackes and igneous rocks. 

Bench gravels. — As the former great glacier retreated it deposited be- 
yond its edge a sheet of stream-laid gravels, consisting of the materials 
supplied by the ice to the glacial streams. The outwash gravels had 
a widespread distribution in the lowlands and in places attained great 
thickness. After their deposition, as the glaciers retreated still farther 
into the mountains, the streams were able tQ intrench themselves into 
their earlier deposits, and the outwash gravels were left as benches or 
terraces along the valley sides. Benches of this kind are prominent 
along the lower valley of the Yentna, and cover a considerable area 
between Yentna and Skwentna rivers, below the base of the mountains. 
There are also terraces of glacial outwash gravel in Kahiltna and Toki- 
chitna valleys and in the basins of most of the smaller streams, and 
many exposures on the Cache Creek plateau reveal the presence of 
similar gravels as a surface covering. Well-defined terraces of this 
material are conspicuous on Peters Creek, above the mouth of Cotton^ 
wood Creek. 

FBX8BVT 8TBXAX OBAVXL8. 

All of the streams within the area that head in vigorous glaciers 
are now heavily loaded with detritus during the summer season of 
high water and have developed extensive gravel flats below the 
glaciers. These deposits are characterized by the coarseness of the 
gravels near the glaciers, the materials becoming progressively finer 
downstream. The overloaded streams deposit most of their burden 
within a few miles of the glaciers and spread in numerous branching 
channels over wide bare gravel bars. The channels are by no means 
permanent, but change constantly, old ones being filled and new 
ones established. In flood seasons the entire flat may be occupied 
by a nearly continuous sheet of water, so that vegetation estab- 
lishes itself with difficulty. Yentna River is of this type. The 
East Fork valley is gravel floored and bare for some miles below 
the glacier, but below Mount Eliskon most of the coarser materials 
have been dropped and the bars consist for the most part of fine 
silts and quicksands, which offer serious difficulties for pack ani- 
mals. Below the junction of the forks sedimentation is much less 
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rapid, and the stream maintains a much more definite channel to 
its mouth. 

Kahiltna River has a gravelly flat which is nearly 4 miles wide at 
the glacier. The flat becomes narrower and the materials finer down- 
stream, and at the road crossing the gravels are of small amoimt and 
quicksands occur in places. Below the crossing the river changes 
from a depositing to an eroding stream, and its channel is intrenched 
in a narrow valley. The Tokichitna VaUey is also floored with a heayy 
gravel filling through the mountainous portion of its course. 

Each of the smaller streams has developed a gravel flat adjusted to 
its size, to the amount of material supplied to it, to the gradient, and to 
the material through which it flows. All the stream placers now 
being mined are in the gravels of the smaller streams, and they are 
of great economic importance though of small areal distribution. 

POSTOLACXAL B&OSXOV. 

As large glaciers still occupy the valleys of the higher mountains, 
that part of the area is still in the glacial period. The areas which 
were once glacier covered but from which the ice has now retreated 
are once more subjected to the agencies of weathering and stream 
erosion, and the streams are all tending to reestablish a more favorable 
grade for their valleys than that left by the ice. In those places 
where the glacier bed was overdeepened by ice scour the streams 
are depositing. In other places they are rapidly intrenching them- 
selves into the hard rock or the softer materials of their basins, where 
the gradient has been increased by the ice erosion. Kahiltna River, 
for example, in its attempt to reduce its channel to grade with the 
Yentna has cut a deep gorge throagh the glacial deposits and Eocene 
sediments along its lower course, whereas in its upper valley it is 
building a wide flat of glacial outwash materials. It is probable that 
in preglacial time Lake Creek was a tributary of the Kahiltna. Its 
entire course below the lake appears to be postglacial. Above Willow 
Mountain the valley is shallow and narrow, but below this mountain 
the stream, like the Kahiltna, has intrenched itself in a narrow gorge, 
in places 300 feet deep. Erosion along both the lower Kahiltna and 
Lake Creek has been rapid on account of the steep grade of the 
streams and the soft character of the materials over which they flow. 
On the upper Yentna, Mascot, Eagle, and Independence creeks from 
the south, and Flag Creek from the north, have all made deep post^ 
glacial cuts in the glacially sculptured walls of Yentna Valley. Cache 
Creek, a tributary of Kahiltna River near its head, has been given a 
steep gradient by the glacial deepening of Kahiltna Valley. This has 
rejuvenated the stream and it has cut a gorge 50 to 300 feet deep along 
its course through the soft deposits of its basin. Its tributaries also 
have intrenched themselves, and on each of the larger of them, as well 
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as on the head of Cache Creek itself, there are slate canyons above 
the points at which the streams flow from the slates of their upper val- 
leys to the Eocene beds of the Cache Creek plateau. Peters Creek has 
been similarly rejuvenated and has two canyons with slate walls, 
although east of Peters HiUs it is intrenched in a gorge cut through 
Eocene deposits. Bear Creek and other tributaries of Tokichitna 
River are now cutting their channels rapidly as a result of the glacial 
deepening of Tokichitna Valley. 

Aside from the rapid cutting by streams in valleys with oversteep- 
ened gradients, the effects of postglacial erosion in the region are 
inconspicuous. The amount of talus which has accumulated on the 
glaciated mountains since they became free from ice is nowhere 
great, and although the slates are poorly adapted to retain glacial 
smoothmgs and striation, and few of these were seen, the slopes of 
the hills still show strongly the glacially sculptured forms which 
erosion has since failed to destroy. 

IGNTBOirS aOCKS. 
CHARACTER AND OCCURRENCE. 

Within the basin drained by Kahiltna Glacier there is a large 
intrusive mass of granular rocks, extending far back into the heart of 
the Alaska Range. The gravels di9chai^ed by Yentna River and by 
both Tokichitna and Little Tokichitna glaciers indicate that these or 
similar intrusions are of wide areal extent, and it is probable that they 
form a large part of the high mountain area, although most of this 
mountain mass is till imexplored. Similar intrusive masses have been 
mapped by Brooks ^ and Prindle on the northwest side of the range, 
and the areas they observed may be continuous across the range with 
those of the Yentna region. This connection can by no means be 
considered to have been established, for there remains a belt 30 miles 
wide lying between the areas which have been visited, concerning the 
geology of which nothing is known beyond what facts can be learned 
from the rocks brought down by the glaciers. These rocks are for the 
most part of igneous origin, though minor amounts of sedimentary 
rocks are present, the source of which has not as yet been determined. 
In the Yentna region the character of the work permitted the map- 
ping of only a portion of the outer border of the intrusive mass (PI. 
Ill, in pocket). The line of its contact with the slate and graywacke 
series is irregular, projecting to the southwest along some of the 
valleys in such a way as to indicate that the intrusion was injected 
into the slates as a great dome-shaped mass. In Kahiltna Valley, 
however, the contact is nearly vertical. There are also many dikes 

1 Brooks, A. H., The ICount McKloley region, Alaska: Frof. Paper U. S. Oeol. Survey No. 70, 1911, 
PL IX. 
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which cut the slates, but they are for the most part too small to be 
shown on a map of this scale. 

The rocks of the main intrusion are of granitic textures and range 
in composition from granites with orthodase feldspar predomi- 
nating through granodiorites and quartz diorites to diorites in which 
the feldspars are largely plagioclase. The rocks are composed for 
the most part of quartz, alkali and Ume-soda feldspar, biotite, 
muscovite, hornblende, and accessory minerals. Rocks of all tex- 
tures from fine-grained rocks to coarse granites were seen, and a small 
amount of pegmatite was observed in the granite. 

The dike rocks that cut the slates show ¥dde yariations in both 
composition and texture. Most of them are so altered as to be 
determinable with difficulty under the microscope, the feldspars 
haying been replaced by calcite, but the most common type is a 
quai*tz porphyry, which probably had an original composition much 
like that of the diorites. Others are basic dark-colored rocks, which 
in their fine-grained phases are not distinguishable in the field from 
the graywackes. 

AGE. 

The facts observed in the Yentna district in regard to the age of 
the various intrusive rocks are insufficient for the accurate determi- 
nation of the time during which the igneous activity took place. 
The great intrusive mass of granites and diorites is certainly younger 
than the slates and graywackes of the region, for it cuts these rocks 
and contains inclusions of them. Furthermore, the slates had 
already been consolidated and metamorphosed before the injection 
of the granitic magma, as is shown by the character of the included 
fragments and by the fact that, though the slates are everywhere 
deformed and commonly schistose, the intrusive masses show little 
evidence of having been submitted to deformational stresses since 
they were injected. On the other hand, the Eocene sediments, 
although occurring in areas surrounded by slates which have been 
intruded by dikes, were themselves nowhere observed to have been 
cut by intrusive rocks. The evidence available therefore points to 
the conclusion that the intrusives are younger than the slates and 
graywackes (Paleozoic or Mesozoic?) and older than the Eocene. 
Brooks^ states that the granites and diorites of the Alaska Range 
cut rocks as young as the Middle Jurassic. In southeastern Alaksa 
similar granitic masses are considered by Spencer* to have been 
intruded between Lower and Upper Cretaceous time. The Wright 
brothers* concluded from their work in southeastern Alaska that 

1 Brooks. A. H..Tbe Mount licKinley regloa, Alaska: Prof. Paper IT. 8. Oeol. Survey No. 70, 1911, p. 9L 

* Spencer, a. «r., The Juneau gold belt, Alaska: Bull. U. S. Geol. Survey No. 387, 1006, p. 19. 

• Wright, F. E. and C. W., The Ketchikan and Wrangell mining distoiots, Alaska: Bull. U. 8. GeoL 
Survey No. 347, 1908, p. 75. 
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the intrusions there are of pre-Cretaceous age and continued to at 
least Middle Jurassic time. In the Matanuska Valley Paige and 
Knopf ^ found the granitic rocks cutting beds which they believed 
to be of lower Middle Jurassic age^ but which have more recently 
been determined to be Lower Jurassic. From his studies in the 
Iliamna region, Martin ' makes the following statement: 

Regaitliiig the age of at least part of the granitic rocks the evidence is conclusive 
even to a rather close time interval. Quartz diorite of the normal type for this region 
was intruded into the Upper Triassic rocks on Bruin Bay subsequent to their close 
folding. Near-by are broad areas of Upper Jurassic rocks which were not involved in 
this close folding and which were not cut by the granites. Middle Jurassic rocks are 
nowhere on Cook Inlet known to be cut by granitic rocks. The granites cut the por- 
phyries and tufis of Iliamna Bay, which are Lower Jurassic or older, and probably also 
cut rocks of similar lithology on Tuxedni Bay and north of Mount Douglas. From this 
evidence it may be concluded that the granitic rocks are certainly younger than the 
Triassic and older than the Upper Jurassic, and that they are probably older than the 
Middle Jurassic, and possibly younger than part of the Lower Jurassic. 

From evidences of the age of similar rocks in various other parts 
of Alaska the age of the granitic intrusives of the Yentna region is 
provisionally assigned to late Lower Jurassic or Middle Jurassic 
time. 

Some of the diabase and greenstone dikes which cut the slates 
have been deformed and metamorphosed with them and they are 
therefore younger than the slates but older than the granitic masses, 
which are little or not at all deformed. Nothing more definite is 
known of their age. 

MIXERAIi RESOURCES. 
GOLD PLACEaS. 

OBNEBAL. FEATUBES. 

Placer gold was first discovered in the Yentna district in 1905, and 
since that year both mining and prospecting have been active. The 
indefatigable prospector has pushed into almost all the valleys which 
cut into the margin of the Alaska Range, yet it is worthy of note 
that the number of producing streams has received no additions since 
1906 and that almost all of the production up to the present time has 
come from ground which was staked in those early years. It may 
be well to review briefly at this place the factors which have con- 
trolled the distribution of placer ground and have limited it to such 
small areas. These areas are confined to the so-called Cache Creek 
countiy and the MiUs Creek diggings. The former includes; besides 
Cache Creek and its tributaries, the headwaters of Peters Creek, and 

> Paige, Sidiiey, and Knopf, Adolph, Oeolog;io reoomiaiaHuaoe In the Iffttrnmakii and Talkeetiia btsliii^ 
Alaska: BuU. U. 8. Oeol. Sur^ay No. 827, 1907, p. ». 

* llartlii, O. C, and Kati, F. J., A gedloglo reoonnalasBnoe ^f the XUamna ntijaa, Alaska: BuU. IT. & 
GaoL Sorvvy No. 485, 19U,p. 7S. 
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Long Creek, which flows to Tokichitna River; all of these creeks, 
however, lie in the Dutch and Peters hills, and in the broad depression 
between them, bordered on the south and north by Kahiltna and 
Tokichitna valleys. The Mills Creek placer mines are all in the head- 
ward basins of Mills and Twin creeks, which join and flow eastward 
to empty into Camp Creek, a tributary of Lake Creek. 

ORIGIN AND DISTRIBUTION OF PLACER GOLD. 

The factors which bear on the distribution of placer gold in paying 
quantities can not bo adequately discussed for this r^on without 
first considering in some detail the former extent of the glaciers 
which reached so great a development along the Alaska Range. The 
glaciation of the r^on as a whole has already been discussed in the 
preceding pages, but the effects of glaciation, in so far as they influ- 
enced the distribution of placer gold, are again summarized here. 
The present glaciers are only remnants of a vast ice sheet which once 
Allied the Susitna basin and extended far down Cook Inlet. This 
great glacier was several thousand feet thick in the lower parts of the 
Yentna region, perhaps completely covering the Yenlo HUls and 
leaving only the upper portions of the Peters and Dutch hills exposed, 
if indeed these two ranges were not also covered by the ice. At the 
time of the greatest glaciers an ice tongue moved southward through 
the broad valley of Cache Creek, and a portion of this glacier pushed 
across the Peters Hills along the valley now occupied by Peters Creek 
and greatly eroded and deepened this valley, which perhaps owes 
its existence to the erosion of glacial ice. Later, when the thickness 
of the vast glacial sheet had diminished somewhat, the many valleys 
of the foothill ranges were each occupied by a vigorous valley glacier. 
The erosive action of such great, slowly moving ice tongues was enor- 
mous, especially along the larger valleys which head in the high 
mountains, and any concentration of placer gold which may have 
existed in these valleys was scattered and mixed with the glacial 
deposits which now lie spread over the lowlands. It is only in the 
places which were protected by their topographic position from great 
ice erosion so that the preglacial placers could survive; where an 
unusual amount of postglacial erosion has permitted the reconcentra- 
tion of the glacially scattered gold; or where erosion since the ice 
retreated has effected a new placer concentration, that gold in 
quantities sufficient to justify mining is now found. So little is 
known of the more rugged portions of the Alaska Range that nothing 
can be said of the possibility of lodes existing there which might have 
supplied gold to the stream gravels. In the district around Cache 
Creek, where the geologic conditions are known, it is a recognized fact 
that all of the streams which carry placer gold have their heads in 
valleys eroded in the slate and graywacke series. The rocks of this 
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series contain many veins and stringers of quartz, and, although up to 
the present time these have not been found to contain gold, this may 
be due to the small amount of prospecting for gold lodes which has 
been done. Some' pieces of quartz float containing free gold have 
been found, and the sluice boxes have yielded much gold with quartz 
attached, even small pieces of quartz stringers with free gold, showing 
the slate which formed the walls of the quartz vein. As almost all 
the streams which cut the slates contain some gold, it appears highly 
probable that the placer gold has been derived from quartz veins in 
the slate and graywacke series. (See footnote, p. 26.) 

GENESIS OF GOLD PLACEBS. 

The genesis of the placer gold in the Yentna district is beUeved to 
be as follows: 

Under the influence of the granitic intrusive masses and their 
associated dikes the slate and graywacke series, which forms the bed- 
rock along the flanks of the main range and in most of the foothills, 
was cut by quartz veins and stringers, some of which contained free 
gold. Most of the gold probably occurred in. small discontinuous 
veins, for no valuable lodes have so far been discovered. Stream 
erosion in Tertiary time developed an extensive drainage system in 
the slate hills, concentrating in the stream beds some of the gold from 
the rock removed and scattering some gold through the extensive 
gravel deposits which were laid down along the base of the mountains. 
The mineralization of the slates was irregular, and though in some 
places the concentration of gold was sufficient to form workable 
placer deposits, in other valleys the rock removed contained but little 
gold and no placers resulted. The Eocene coal-bearing beds, which 
underhe the Tertiary gravels, were also deposited after the minerahza- 
tion of the slates, but they consist for the most part of fine sediments 
and have nowhere been shown to be auriferous. 

The uplift of the Alaska Range, which caused the rejuvenation of 
the streams and brought about the deposition of the thick gravel 
series that now forms the hills at the head of Mills Creek, continued 
after these gravels were deposited, giving them an increased dip 
away from the mountains. Stream cutting proceeded rapidly, and 
a well-developed drainage system was established. It is now im- 
possible to reconstruct accurately this drainage system, but it is be- 
lieved that the larger rivers then followed much the same courses 
that they do now. Yentna, Kahiltna, and Tokichitna rivers were 
the main drainage lines, but their smaller tributaries may have had 
a very different arrangement from the present. 

With the approach of the time of greatest glaciation the ice tongues 
in the main valleys became constantly thicker and were augmented 

77092^— Bull. 534—13 4 
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by tributary glaciers from all the larger valleyB along the mountain 
flanks and from the foothills, until the ice flood spread in an un- 
broken sheet throughout the whole Susitna lowland. At the culmi- 
nation of the glacial advance the surface of the ice sheet stood at an 
elevation of about 4,000 feet along the base of the mountains, and 
perhaps completely submerged all the foothills below this level. 
Glacial erosion widened and deepened the main valleys to a remark- 
able extent, and in the smaller valleys its effects were strongly felt. 
All loose material and much hard rock was removed, and the placer 
gold was picked up and scattered through the d6bris which the 
glaciers carried, being deposited wherever the glacial material was 
dropped. It is this glacial scattering of the gold from the higher 
valleys which accounts for the widespread distribution of gold throu^ 
out the iSusitna basin, but glaciers fail to concentrate the gold which 
they pick up, and it is only where streams have rehandled and recon- 
centrated the gold from the glacial deposits that it can be profitaUj 
recovered. 

Though the sequence of events just given was the same throughout 
the Yentna district, certain special conditions in the valleys of Cache 
and Peters creeks account for the placer deposits in their basins. 
When the glaciers reached their greatest development, ice from the 
Tokicbitna Valley overflowed its basin and moved southwest down 
the depression between Dutch and Peters hiUs. Small glaciers 
formed in the valleys of both of these ranges of hills and joined the 
ice in the Cache Creek basin. There the great ice movement from 
the Alaska Range was down the Kahiltna and Tokichitna valleys, at 
right angles to the Cache Creek trough, and the ice which lay between 
the Dutch and Peters hills is believed to have been relatively stagnant 
and to have eroded the Cache Creek trough but little. The tributair 
glaciers from the hills on either side, however, were vigorous, for they 
had steep gradients, and in their upper portions they scoured deeply 
into bedrock, having first removed all the loose materials, including 
any placer gold which had been previously concentrated in their 
valleys by the streams. At the points of junction with the stagnant 
Cache Creek glacier the tributary ice streams lost their power to 
erode, and most of the material which they had picked up from their 
upper valleys was dropped. After the retreat and disappearance of 
the glaciers the valleys within the hills were left bare and smooth and 
contained little placer gold, that which they had formerly contained 
having been scoured out by the ice and incorporated with the glacial 
materials which lay scattered over the broad Cache Creek valley. 
The streams now had increased gradients, for Cache Creek had a fall 
of 1,400 feet from the mouth of its interhill basin to the level of 
Kahiltna River. It therefore rapidly cut a canyon for itself through 
the glacial materials and into the Eocene sediments, and this goi^ 
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grew headward until it had worked back up the main stream and 
the larger tributaries into the slate hills. Canyons were cut in the 
slate at the points where the streams crossed from the slates to 
the softer deposits of the Cache Creek valley. In cutting these deep 
channels the streams rehandled much of the material which the 
glaciers bad dropped and reconcentrated any gold which it had con- 
tained. They also at some places cut through their old preglacial 
channels, which had been buried under glacial deposits, and recon- 
centrated the old placer gold contained in these channels. The 
residt of all this postglacial cutting has been the redeposition of placer 
gold. The placers are commonly richest at the slate canyons of the 
streams because it was there that erosion by the valley glaciers 
became ineffective and much of the glacially removed gold was 
dropped and because in the narrow canyon bottoms the concen- 
tration has been greatest. The absence of workable placers in the 
upper slate valleys is due to the intensity of the glacial scouring and 
to the short period which the streams have had, in postglacial time, 
for the development of new placers by the erosion of the slate bed- 
rock. In the lower courses of the small streams and of Cache Creek 
there is much workable ground, but at these places the gold is chiefly 
in small particles, indicating that it has been brought from the upper 
valleys by the streams, and the occasional recovery of coarser pieces 
of gold shows that the glacial materials contain some gold, even at 
considerable distances from the slate hills. 

In the basin of Twin Creek the conditions are different, for the 
gulches which have yielded the placer gold are cut into the Tertiary 
gravels and the sands and shales of the coal-bearing series. It seems 
certain that the placer gold on these streams has been derived by a 
reconcentration of gold from the gravels of the upper part of the 
series. Whether or not those gravels originally received their gold 
from the slates is still a matter for conjecture. 

DEVELOPMENTS. 

PBX8XHT covDirzon. 

All the streams of the Yentna district on which mining is now 
being carried on have been worked steadily or intermittently for 
several years, and no new locations of importance have been made. 
The most notable development of 1911 was the discovery of rich 
ground in an old preglacial channel on Dollar Creek. This discovery 
suggests the possibility of the existence of similar old channqis in the 
benches of other near-by streams and will be discussed in the follow- 
ing pages. The streams which were being mined during the suiomer 
of 1911 are Cache Creek and its tributaries — Dollar, Falls, Thunder, 
Nugget, and Gold creeks; Peters Creek and its tributaries — Bird, 
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Willow, and PoonniEUi creeks; Long Creek, in the Tokichitna basin, 
and Mills and Twin creeks and the small gulches which they drain. 



CACHB CBJEXK BASHT. 



PEATUBES OF THE BTBEAMS. 



Cache Creek is a rather laige stream which joins Kahiltna Rirer 
about 13 miles below Kahiltna glacier. Together with its larger 
tributaries it heads in Peters and Dutch hills, and its course lies 
between these hill ranges (PL lY, A) through a broad, elevated trou^ 
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^ Gold placer mine 
FxouBE 5.— Drainage map of Cache Creek and neighboring streams, showing location of gold-plaoer mine^ 

which is continuous from the Tokichitna to the Kahiltna, sloping 
gently toward the latter. Cache Creek drains the southwestern part 
of this trough. The many tributaries head in glaciated vaDeys in the 
hills, but on entering the broad interhill trough they pass from the slat« 
and graywacke series, or hard bedrock, out upon the loosely consoli- 
dated beds of the coal-bearing series, which forms the so-called '*soft 
bedrock. '^ As Cache Creek in the upper part of its broad basin has 
an elevation of about 2,000 feet, and its junction with Kahiltna River 
is less than 600 feet above sea level, it falls 1 ,400 feet in 1 8 mil^s. Jt 
has therefore been able to intrench itself into the soft underlying 



A, CACHE CREEK AND ITS GORGE, CUT THflOUGH EOCENE DEPOSITS. 



B. SLUMPING GROUND ON THE NORTHWEST WALL OF THE CACHE CREEK GORGE. 



OOLD PLACEBS. 53 

foncation and flows through a gorge whose walla in places rise 300 

feet above the creek (PI. XI, A). Its tributaries also have made 
deep cuts where they cross the basin. 
Mining has been confined altogether to o o o o^* 

the main creek and to the largest ^ ? 

tributaries, which enter the stream from 3 §- 

the northwest. Figure 5, a sketch map | § 

of the Cache Creek and the neighboring *■ " 

streams, gives the location of the gold ? 

placer mines, J 

CACHE CBKKK. 3 

Cache Creek heads in a smalt glacial a 

valley in the Dutch Hills, through ? 

which it flows for only 2 miles before | 

it emerges into the broad and wide val- S. 

ley which it follows to Kahiltna River, s 

In the hills its valley is cut in the slate | 

and graywacke series, and the stream I" ^^^ 

gravels lie on "hard bedrock," Near & gravats 

its head the stream has eroded its valley % gr'avei 

but little in postglacial time, though ^ ^'" 

for a short distance back from the base | 

of the hills it has cut a sharp canyon s, 

into the slates. This canyon ends ab- K 

ruptly at the contact between the slate g I 

aeries and the sands and shales of the E * 

coal-bearing formation, and from this K ^ 

point downstream the creek, though in- a ? 

trenched below the level of the broad J- 

plateau,hasawider valley floor. Figure g. 

6 shows a section drawn across both |. 

Dutch and Peters hills, indicating the . 

structural relations of the various for- | 

mations. The valley walls, or benches, | 

are about 50 feet high at the mouth of | ir-avsl 

the canyon. At the mouth of Nugget | '*'" 

Creek the stream bed is about 2.50 feet s. ,^^ 

below the level of the surrounding de- ? gravels 

posits, and the depth increases to nearly S 

300 feet between Nu^et and Spruce | 

creeks (PI. XI, A). Below Spruce Creek f 
the stream has a steep gradient through 
a bowlder-filled canyon, below which it 
reaches the Kahiltna flats. 
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Gold was first discovered on Cache Creek in 1906, the year after 
the first discoveries in this region were made on the headwaters of 
Peters Creek. The first ground mined was at the canyon near the 
head of the stream on Discovery claim, which has been worked every 
year since. During the summer of 191 1 two men were mining a short 
distance below the mouth of the canyon (PL XII, A). The ground 
worked was that of the present stream flat, and the gravels moved 
range from 4 to 7 feet in depth and lie on slate bedrock. There are 
some lai^e bowlders present, but most of them can be handled by 
one man. A short distance below the canyon the slate bedrock gives 
place to the materials of the coal-bearing series, which change char- 
acter within short distances, ranging from a fairly firm, gritty sand- 
stone to soft clay shales. The pay streak is said to be rather well 
defined in the canyon and for a short distance below it but soon 
spreads out in the wider valley below and is difficult to trace. The 
gold is rather unevenly distributed, for, though most of it* is found on 
bedrock, the degree of its concentration depends somewhat on the 
character of the bedrock, the harder strata having retained it better 
than the softer. No records have been kept which would show the 
gold content of the gravels to the cubic yard or to the square yard 
of bedrock, but it is reported that the returns have averaged about 
$10 a day for each man employed. The sluice boxes, 14 inches wide, 
are set on a grade of 5 inches to the box length. The gravels are 
groundsluiced to a depth within a foot or so of bedrock by the aid of 
canvas hose and water under pressure from the bench to the south- 
west, the rest of the gravel being shoveled in and bedrock cleaned by 
hand. The stream at Discovery claim can be depended upon to run 
a sluice head of water for the boxes used throughout the season, and 
most of the time it flows two sluice heads. The gold is coarse, bright, 
and somewhat worn, though many pieces are rough and some cubes 
of crystalline gold have been found. Pieces worth $20 have been 
taken from this claim, and only about one-third of the gold recovered 
will pass through a 16-mesh screen. 

The coarseness of the gold and the roughness of some of it indicate 
that it has traveled no great distance from its bedrock source. It 
must originally have come from the quartz veinlets of the slate and 
graywacke series in the upper part of the Cache Creek valley, or at 
the head of Bird Creek, for the upper valley at one time contained 
a vigorous glacier and ice also came into it from the head of Bird 
Creek, across a low divide. This glacier eroded its basin and doubt- 
less scattered and removed any preglacial gold which may have been 
concentrated in its upper portion. No ground carrying paying quan- 
tities of gold has been discovered above the canyon of Cache Creek. 
Toward the mouth of the slate valley the ice scoiu* was less severe, as the 
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glacier joined a large sluggish ice sheet in the broad basin between 
Dutch and Peters hills. Here the valley deepening was not pro- 
nounced, and a part of the material picked up by the ice in the 
upper valley was dropped. It may be that the glacial deposits here 
covered up portions of the preglacial channel of Cache Creek without 
disturbing them. When the glacier melted away the stream cut 
through the glacial deposits and at and below the canyon intrenched 
itself into the slates and the softer beds to the east. In the re- 
handling of the glacial material any gold that it contained was con- 
centrated in the stream bed, and if the valley was cut through any 
undisturbed portions of the old preglacial channel these, too, would 
have contributed to the richness of the present placer deposits. 

The possibility that remnants of the old channel still exist in the 
benches is suggested by several facts which have been learned during 
the years that mining has been carried on here. It is said that the 
pay streak terminates rather abruptly at its upstream end in the 
canyon, although some gold has been found farther upstream. In 
the spring of 1911 a cut was run into the high bench at the point 
where the pay streak failed. The bench consists of gravels lying on 
decayed rocks of the slate series and is overlain by 15 to 20 feet of 
glacial till. In groundsluicing the upper portion of this cut some gold 
was recovered, but most of it lay on or in bedrock. The gold was 
coarse, the largest nugget being worth $9. It may be that at this 
place there is a portion of a preglacial stream channel which contained 
workable placers. At the time of visit the development work on the 
bench was insufficient to show definitely the presence of such an old 
channel or to give any reliable clue as to its length or direction. 

In 1911 two men were mining on Cache Creek, about a mile above 
the mouth of Nugget Creek. The ground worked was on the present 
stream flat and ranged in depth from 4 to 7 feet. The usual number 
of coarse bowlders was encountered, but most of them could be 
readily thrown from the pit. The gravels lie on ''soft bedrock," 
composed of the clay, sand^ and soft conglomerates of the coal- 
bearing series. At one place the creek is crossed by a bed of lignite, 
which held the gold and yielded good returns. The gold in the gravels 
is mostly found on bediock, the richness of the ground depending to 
an important degree on the character of the beds crossed. In the 
beds of clay little gold is found, but the sandy and gravelly beds have 
retained the gold much better. A grade of 5 inches to the box length 
is maintained, this being less than the fall of the creek. The sluice 
boxes in use are 20 inches wide, and the creek at this point suppUes 
enough water for them throughout the summer. Water under pres- 
sure is obtained from Columbia Gulch, a small tributary of Cache 
Creek from the north, and is carried by ditch over the bench to a 
point opposite the pit, to which it is conducted through 6-inch canvas 
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hose. A working head of about 75 feet is thus obtained, and a 2^ 
inch nozzle is used in piping the gravel into the boxes. It is report4Kl 
that the returns from the season's work on this ground were not 
laige. 

In the main valley of Cache Creek mining operations were carried 
on at a number of points between the mouths of Nugget and Spruce 
creeks from 1906 to 1908. In some places the ground worked was 
in the present stream flat, but in others the gravels on benches along 
the valley sides were mined. In 1908 the Cache Creek Mining Co. 
was oiganized and purchased aU of the main creek vaUey from a point 
2i miles below Spruce Creek to the mouth of Gold Creek, a distance 
of more than 12 miles, as well as a number of claims on the more 
important tributaries. The total holdings of the company embrace 
more than 3,000 acres, and extensive preparations have been made 
for developing the ground. A sawmill which has been built on the 
main creek one-half mile above the mouth of Thunder Creek, fur- 
nishes lumber for buildings, penstocks, flumes, and sluice boxes. 
Several thousand feet of hydraulic pipe, some as laige as 34 inches in 
diameter, has been placed on the ground. During the seasons of 
1910 and 1911 the energies of the company were in laige part directed 
to procuring an adequate supply of water under pressure so that 
their ground could be mined by hydraulic methods. A ditch, origi- 
nally designed to carry 1,500 miner's inches of water, was surveyed 
to tap Nugget Creek on claim "No. 7 above," but was only partly 
completed. Its connection with Nugget Creek was never made, but 
during the period of the spring run-off it receives a considerable 
volume of water from the melting snows on the Dutch Hills and on 
the broad high bench which it traverses. Construction on a second 
ditch, to carry 2,300 miner's inches of water, was pushed in 1910, and 
was almost completed. This ditch was to draw water from Cache 
Creek a short distance below the mouth of Nugget Creek and carry 
it for nearly 2 miles to a penstock, from which it was to be taken 
through a 34-inch steel pipe to the point where needed. The working 
head at the penstock was 120 feet, to be increased to 180 feet at the 
sawmill. In building this ditch some slumping ground was encoun- 
tered, so that during the sunmier of 1911 the lower portion of the 
ditch was abandoned, and the water was carried from the completed 
portion to the so-called Fineo Bar through steel pipe. 

In 1910 mining was carried on at two locaUties by the Cache Creek 
Mining Co. The upper locality, on Pineo Bar, lies about halfway 
between the mouths of Nugget and Thunder creeks. The ground 
worked is a few feet above the present level of Cache Creek, and the 
gravels lie on the sands, clays, and conglomerates of the coal-bearing 
series.. In the bluffs on either side of Cache Creek the beds lie almost 
horizontal, but on the northwest side of the stream there has been 
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extensiYe slumping (Fl. XI, £), and the strata shown in the exposures 
of bedrock in the cut stand nearly vertical. The bench gravek here 
are certainly deposited on a slumped portion of the valley wall. In 
1911 work was continued at this place, but nothing was learned in 
regard to the amount of gold recovered to the cubic yard of gravel 
moved. 

In 1910 a portion of the bed of Cache Creek was worked at a point 
near the mouth of Rambler Gulch. The creek here flowed close to 
bedrock, and by diverting the stream from its channel during low 
water bedrock could be cleaned by removing only a thin layer of 
gravel. Gold was recovered in this locality in considerable amounts, 
but its distribution was irregular, depending on the character of the 
bedrock. Wherever the stream crossed a sandy or conglomeratic 
bed the gold had lodged, but the clayey beds were almost bare, the 
gold having passed on over them to find a more favorable resting 
place on the rougher bedrock. It is said that one working upstream 
could predict when a clayey bed was to be crossed by the exceptional 
richness of the sandy or gravelly portion of the bedrock just below. 
In 1911 a cut was run from the mouth of Rambler Creek up that 
stream for about 700 feet. A portion of the ground at the mouth of 
the creek was mined by pick and shovel, but that farther up was piped 
in by means of hydraulic giants. The depth of gravel was irregular, 
ranging from 18 inches to 10 or 12 feet, and the surface of the soft 
bedrock was uneven. At the stream mouth the gold was recovered 
from a bedrock of rather firm conglomerate, called cement rock by 
the miners, but farther upstream the beds of the coal-bearing series 
were encountered, the clayey shales predominating, together with 
some sandy and gravelly beds and a little lignitic coal. These beds 
are tilted at various angles and have evidently been affected by 
slumping. For the lower end of the cut water was supplied to the 
3-inch nozzles from Rambler Creek with a head of about 60 feet. 
Later in the season water was procured from the upper end of Lucky 
GKilch with a head of 230 feet at Cache Creek. The dirt was piped 
into 24-inch boxes, set on a grade of 6 inches to the box length. At 
the upper end of the cut the gold is reported to have decreased 
and work was discontinued, the plant being shifted to a bench on 
Cache Creek (PI. XII, B), about 400 feet above the mouth of Rambler. 
At this plfice the surface of the gravels lay about 10 feet above the 
level of Cache Creek and the depth to bedrock averaged about 6 
feet. Large bowlders were not conmion in this cut, and those 
encountered all lay on bedrock. The value of the gold recovered is 
said to have averaged approximately $1.50 to the cubic yard of dirt 
moved. 
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GOLD CBBEK. 

Gold Creek is the uppermost tributary of Cache Creek from the 
north; it lies between the head of Cache Creek and Nugget Creek 
and is a small stream, only 1^ miles in total length. It heads in the 
slate hills and its lower portion flows through a valley cut in the 
coal-bearing series. Gold was first discovered in 1909 near the point 
at which the creek passes from the slates to the softer deposits. 
At this point the valley is narrow and V-shaped, the gravels to be 
mined rarely having a width of more than 20 feet. The depth to 
bedrock ranges from 2 to 6 feet, the gold being found on bedrock or 
in the crevices of the slates, which here stancf on edge. The gold is 
coarse and shotty, pieces up to $14 in value having been found. 
Its assay value is $17.81 an ounce, of which 6 cents is in silver. No 
mining was being done on this ground ip 1911. 

NUOOBT CREEK. 

Nugget Creek is the uppermost large tributary of Cache Creek, 
joining it a few miles below its head. Its source is in the Dutch Hills, 
through which it flows in a wide, straight, Unshaped valley, which 
shows strongly the erosive action of the great glacier that once occu- 
pied it. In the hills the basin of Nugget Creek is composed of the 
rocks of the slate and graywacke series, and the stream flows in a 
postglacial canyon, which is shallow toward the valley head but 
narrower and deeper downstream. At the point where it leaves the 
slate hills the creek occupies a canyon cut 200 feet into the rocks, 
but at the base of the hills the slates give place to the softer rocks 
of the coal-bearing series, and through these the stream has widened 
its gorge, though the valley walls are high and steep throughout the 
remainder of its course to Cache Creek. 

Gold was first discovered on Nugget Creek in 1905, and the ground 
first worked was in the lower portion of the rock canyon. Since that 
year mining has been carried on in the valley each summer. The 
claims lying immediately above the mouth of the canyon, known as 
"Nos. 1, 2, and 3 below," have yielded the greatest part of the pro- 
duction, and are now practically worked out, but a considerable area 
of groimd which is known to contain paying quantities of gold 
remains unworked. 

During the sunmier of 1911 mining operations were being con- 
ducted on this creek by four different parties. The lai^est camp, 
consisting of 10 men, was on ''No. 4 below," the groimd worked lying 
a short distance below the mouth of the slate canyon (PI. XIII, A), 
The stream gravels are 6 to 8 feet thick, and lie on the soft bedrock 
of the coal-bearing series. The gold is recovered principally from 
the gravel within a foot of bedrock and on the bedrock itself, which is 
of sandy or clayey material or loose conglomerate. The gold is very 
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coarse, somewhat rusty, and moderately worn and smoot 

gets worth $16 have been found below the canyon and in i 

one worth $60 was recovered. Simple mining methods are 

upper portion of the gravels being groundsiuiced off by . ^i 

water under pressure, delivered through canvas hose, the head being 

70 feet. The gravel immediately above bedrock and a portion of 

the bedrock itself are shoveled by hand into 14-inch sluice boxes. 

Above the present stream flat, at the mouth of the canyon, portions 
of the former valley floor of Nugget Creek appear as terraces or 
benches, seven of which can be distinguished (PI. XIII, A). Work- 
able placer has been found on a number of these benches, and one 
bench, 170 feet above the stream, was being mined at the time of 
visit. The gravel here, which was 1 to 6 feet deep, lay on slate bed- 
rock and is said to have yielded much gold. None of the benches, 
however, are of large size, and the amount of paying ground on them 
is small. 

Three men were engaged in mining at the junction of claims ''Nos. 
1 and 2 above/' at which place Nugget Creek lies in a slate canyon 
about 70 feet deep. The stream is crooked and its flat narrow, only 
small patches of gravel appearing between the creek bed and the base 
of the canyon walls. The ground worked ranged from 5 to 6 feet in 
depth and contained a good many bowlders, most of which, however, 
could be moved by hand. Hydraulic methods were employed for 
stripping away the upper portion of the gravels, the water being 
obtained from a small tributary on the northeast side of the creek 
and conducted through a ditch over a thousand feet long to a point 
above the cut, where it was delivered thl'ough canvas hose at a head 
of 70 feet. Bedrock here consists of slates and graywackes, which 
stand at high angles and strike in the general direction of the course 
of the creek. The gold is coarse and somewhat worn, and is un- 
evenly distributed over the bedrock. Where the bedrock is rough 
good returns are found, but where it is smooth the gold recovered is 
not sufficient to pay for the handling of the ground. 

On claim ^'No. 3 above,'' two men were mining on a bench which 
lies about 10 feet above the level of the stream. Pick and shovel 
methods were used for getting the lower part of the gravels into the 
sluice boxes after the upper portion had been removed by ground- 
sluicing. Sluice boxes 12 inches in width were set on a grade of 8 
inches to the box length, and sufficient water was had during the 
entire season. Most of the gold recovered was found on bedrock, 
which is here slate or graywacke. The gold is coarse, nuggets ranging 
in value from $1 to $6 being common. It is planned to build a ditch 
in 1912 to bring water imder a head of 70 feet to the cut and to install 
24-inch boxes, so that a larger quantity of groimd may be handled. 
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Claim ''No. 4 above '* was purchased by a party of three men, who 
commenced mining in the spring of 1911. A wing dam was con- 
structed; which diverted Nugget Creek for about 300 feet, and the bed 
of the creek was mined by shoveling the gravel into the sluice boxes. 
The groimd ranges in depth from 2 to 9 feet, most of the gold being 
found on or near bedrock, here formed by the uptilted beds of the 
slate and graywacke series. Much of the gold is coarse, somewhat 
rusty and worn, and although some fine gold was recovered the greater 
part occurred in pieces worth from 10 cents to S3.50. The results of 
the season's work on this claim are reported to have been fairiy 
satisfactory, and it is the intention of the owners to obtain water 
under pressure by building a ditch and to enlaige their sluice boxes 
in 1912. 

Two parties were mining during the summer of 1911 on the Jump- 
ing Jack claim, in the valley of Nugget Creek close to its junction 
with Cache Creek. Two men were working on the south side of the 
creek and one man on the north aide. The gravels here range from 
3 to 5 feet in depth, Ue on soft bedrock, and are comparatively free from 
large bowlders. The bedrock surface is irregulai*, being cut by shallow 
grooves which diverge like the rays of a fan, showing the old channel 
which Nu^et Creek once followed as it left its own valley to join 
Cache Creek. The gold is irregularly distributed over bedrock, the 
ground being ''spotted," as the miners say. The gold is brighter and 
finer than that foimd in upper Nugget Creek. The season's woik 
showed the gold tenor of the gravels in lower Nugget Creek to be too 
low to warrant working by pick and shovel methods. 

LUCKT OULCH. 

About 1^ miles below the mouth of Nugget Creek a small valley 
known as Lucky Gulch joins the Cache Creek valley from the north- 
west. This valley is sharply V-shaped and has a steep gradient. It 
heads on the broad bench in which Cache Creek has intrenched itself, 
and is scarcely more than a mile long. Lucky Oulch lies exclusively 
within the area of the soft coal-bearing series, capped with glacial 
till and gravels, and throughout its length the stream flows over ''soft 
bedrock," which is covered by only a shallow filling of stream gravels. 
At times mining has been done in this gulch in a small way, but its 
total production has not greatly exceeded $1 ,000. No work was being 
done on it at the time it was visited in 1911. 

RAMBLBB QXJUm, 

Rambler Gulch joins the Cache Creek valley three-foiuihs mile 
below Lucky Gulch from the same side. Like Lucky Gulch it is 
short and steep and lies altogether in coal-bearing sediments with 
a capping of glacial materials. In its upper portion the ground was 
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shallow and easily worked, and the creek bed was exhausted in the 
early years of the camp, a few thousand dollars in gold being recovered. 
In 1911 mining was resumed on the lower portion of the creek under 
conditions already described (p. 57). 

THUNDER CRBBK. 

Thunder Creek heads in the slates and graywackes of the Dutch 
Hills, near Nugget Creek. On leaving the hills it bends to the south, 
following the general direction of the Cache Creek valley, and joins 
Cache Creek 3^ miles below the mouth of Nu^et Creek. In its 
course below the hills it is intrenched below the level of the sur^ 
rounding plateau, its valley lying for the most part in the beds of 
the coal-bearing series. For a portion of itp length, however, it has 
cut through the softer sediments into a ridge of underlying slates. 
The bedrock, therefore, varies in different portions of the stream's 
course. During the simuner of 1911 one man was mining on claim 
''No. 3 below." The gravels, which are 2 to 3 feet deep, were ground- 
sluiced and the lower portion was shoveled into the boxes. Bed- 
rock here consists of the soft materials of the coal-bearing series. 
Some Ugnite outcrops in the high bluffs of the stream. The gold 
is bright and fairly coarse, but the pay streak is irregular and the 
gold content varies greatly from place to place, so that the returns 
are uncertain. The lower mile of Thunder Creek has been staked 
as an association claim, and four laymen were mining on the upper 
half of it. The gravels average about 5 feet in depth and contain 
few bowlders which a man can not roll from the pit. The bedrock 
is of varying character, at places being of the soft coal-bearing beds 
and at other places appearing to be a much weathered and decayed 
phase of the slate series. Sluice boxes 32 inches in width, set on a 
grade of 6 inches to the box length, were in use, and a 1,200-foot 
ditch supplied water from Thunder Creek with a head of 35 feet at 
the cut. Canvas hose and a nozzle were used for piping off the 
upper portion of the gravels, and the ground near bedrock was 
shoveled in by hand. The gold is bright and rough, many pieces 
having quartz attached, and seems to have traveled no great distance 
from its source. It assays $17.80 to the ounce, and the ground 
worked ran from $2 to $2.50 a cubic yard. Toward the end of the 
season the work was retarded by a shortage of water. In the fall 
of 1911 the ownership of this association group of claims changed 
hands, and the purchaser has signified his intention to install a 
hydraulic plant for the mining of the gravels on a more extensive 
scale. 
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PALLB CRBBK. 

Falk Creek is the next important tributary of Cache Creek south 
of Thunder Creek. It heads in the slates and graywackes of the 
Dutch Hills, flows in a course roughly parallel to that of Tliunder 
Creek, and joins Cache Creek about three-fourths mile south of it. 
At the point where it passes from the slates to the beds of the coal- 
bearing series it has developed a narrow canyon and a waterfall, 
which suggested its name. Qold was first mined on Falls Creek in 
1905, in the canyon cut through the slates, and the stream afforded 
considerable production for a few years. In the narrower portion 
of the canyon the difficulties of diverting the creek prevented mining 
except for a short time in the spring when the volume of the stream 
was small. At the time this creek was visited in 1911 two men were 
preparing to sluice ground on a high bench on the northeast wall of 
the valley, on claim *'No. 3 above." A ditch 2,000 feet long, to 
supply water under pressure, was almost completed, but aside from 
a few small prospect pits no mining had yet been done. 

DOLLA.R CRBBK. 

Dollar Creek, the lowest large tributary of Cache Creek from the 
west, joins Cache Creek 2 miles below the mouth of Falls Creek. 
The geologic and topographic conditions in its basin are much like 
those on Thunder and Falls creeks. Dollar Creek flows from the 
slate hills at its head out onto the Cache Creek plateau in a sharply 
incised valley, which gradually becomes deeper downstream until at 
the mouth of the creek the valley bottom lies over 300 feet below 
the general level of the surrounding country. Even below the 
border of the Dutch Hills the slate bedrock is exposed by the stream 
cut for some distance out upon the plateau, showing that the old 
slate surface on which the soft bedrock sediments were laid down 
was uneven. Placer gold was discovered in this stream in 1905, 
and a few thousand dollars have been recovered from the streum 
gravels in the slate canyon since that time. In previous years, 
however, the gravels have yielded only moderate returns for the 
expense and labor required to work them. During the spring of 
1911 two men began mining on claim ''No. 2 above," but finding 
that the pay streak in the creek ended abruptly upstream, they ran 
a cut into the high bench on the northeast side in the hope of finding 
the so\u:ce of the gold. In working up the valley side the miners 
found that slates and graywackes extended to an elevation of about 
70 feet above the creek. In the creek channel the beds of the slate 
series are hard and firm, but toward the top they are weathered and 
appear as fairly soft sandstones and shales. Tlie beds of the coal- 
bearing series, which are only a few feet thick, appear above the 
slates. Some pieces of lignite were found in the cut. Above the 
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soft bedrock lies a bed of stream-washed gravels from which rich 
pans could be obtained, as much as $2.50 being taken from a single 
pan. Above the stream gravels the exposure showed 20 feet of 
typical bowlder-studded glacial clay. At the time the place was 
visited too little work had been done to determine exactly the condi- 
tions at this place, but the facts gathered seem to show that the 
stream gravels were laid down in an old channel, perhaps a former 
channel of Dollar Creek, before the great glacial advance, as is shown 
by the overlying layer of glacial bowlder clay. It is also of interest 
to note that there was a good concentration of placer gold in pre- 
glacial time. The gravels in the old channel are of the same materials 
as are now foimd in the stream bed, the largest bowlders being 18 
inches in diameter. The material is oxidized to a yellow color and 
the pebbles are somewhat decomposed, the whole being cemented 
into a loose conglomerate, which yields with difficulty to hydraulic 
methods of mining. The gold is coarse, rusty, and very angular. 
Some pieces, which seemed to be small nuggets, were found on close 
examination to consist of a large number of small colors cemented 
together by iron oxide. It is reported that the developments later 
in the sunmier showed that the gravels occupy a distinct channel 
which diverges upstream from the present valley of DoUar Creek, 
although it was traced for only a short distance. It is also reported 
that two distinct pay streaks were found in the gravels, one a few 
feet above the other, and that the gold was associated with much 
broken, angular quartz, indicating the possibility that it came from 
a vein at no great distance. The season's output from this mine is 
said to have been highly satisfactory, and preparations were being 
made to install a hydraulic plant so that operations could be con- 
ducted on a larger scale. 

PITSBS ORZBK BA8ZV. 
FBTBR8 CREEK. 

Peters Creek occupies a valley intermediate between Kahiltna and 
Tokichitna rivers and in its upper portion is roughly parallel to these 
two streams. It heads in a broad, severely glaciated, U-shaped 
valley in the Dutch Hills, turns at a right angle to cross the Cache 
Creek plateau, crosses the Peters Hills through a deep transverse 
trough, and enters the broad lowland of the Susitna Valley, the west 
edge of which it follows to its junction with Kahiltna River. Its 
total length is more than 36 miles. In its course through the higher 
parts of the Dutch Hills it flows in the bottom of the glacial trough 
in a channel which has been notched little or not at all into the slates 
and graywackes of the hills. In the more easily eroded coal-bearing 
beds of the Cache Creek plateau it has intrenched itself deeply in a 
canyon-like valley that extends headward into the slates for some 
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distance above the mouth of Bird Creek, and a similar canyon extends 
for more than a mile up Bird Creek. The downward slope of tk 
Cache Creek plateau toward Peters HiUs causes the stream yalley 
to become shallower and wider in that direction, but on entenng the 
valley through these hills the creek again flows through a rock canyon. 
This second slate canyon terminates at the east border of the Peters 
Hills, the stream once more flowing between valley walls of the coal- 
bearing series (PI. XIII, B) and the banks gradually becoming low^ 
downstream through the little-known area of the Susitna lowland to 
the south and east. 

Gold was discovered at a number of places on Peters Creek and \\s 
affluents in 1905, and mining has been done on that creek each 
summer since that time. In 1911 work was in prepress at two place" 
on the main stream. At the mouth of the canyon through Peten 
Hills, a short distance above the point at which the stream passes 
from the slates onto the soft bedrock, two men were mining on > 
bench about 30 feet above the stream level, where a few feet c^ 
gravel lie on a slate bedrock. Water under a pressure of 70 feet 
brought by ditch and canvas hose, was used for piping the graiek 
into the sluice boxes. The gravels contain rather abundant bowldeis. 
At the time the place was visited some of the ground was stu! 
frozen. The gold, which is for the most part concentrated on bed- 
rock, is coarse, flat, worn, and somewhat rusty, and gives evidence 
of having traveled some distance from its source. The largest 
nugget found weighed 9 pennyweights, and the gold assays about 
$17.75 to the ounce. The ground worked in 1910 was a short di^ 
tance downstream from that worked in 1911, on a bench only a few 
feet above the stream. The bedrock at this place is a hard, rustj 
dike intruded into the slates. Prospect holes in the creek gravek 
below the canyon show placer gold on a soft bedrock, but the gradi- 
ent of the creek is too low and the ground too deep to permit minicf 
by pick and shovel methods. 

The bedrock source of the gold in lower Peters Creek is still open 
to question, but this gold, like that in the other parts of this district. 
was doubtless derived from the quartz stringers in the slates mi 
graywackes. In lower Peters Creek some of the gold may have 
come directly from the rocks of Peters Hills, through which the 
valley is cut, but as gold is found in the stream gravels above Peters 
Hills and up to the head of the stream it seems probable that the 
present placers are in large part the product of reconcentration ol 
gold that was scoxu'ed from the upper tributaries of the stream by 
glacial ice, scattered throughout the valley, and again reconcai- 
trated by postglacial erosion. 

About three-fourths mile below the mouth of Bird Creek, at the 
lower end of the upper rock canyon of Peters Creek, two men were 
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the contact of the slates with the soft bedrock. 

stalline intrusive rock crosses Peters Creek at this 

k gravels average about 6 feet in depth and the gold 

3iitrated on or near bedrock. At the time the creek 

1911 little ground had been mined, but the claims 

Duth of the canyon and Bird Creek are said to have 

* thousand dollars altogether. 

BIRD CREEK. 

of Bird Creek, a tributary of Peters Creek, lies alto- 
dates of Dutch Hills and is but little more than 2 miles 
ad is a broad cirque, which waa once occupied, by a 
vidently joined the valley of upper Cache Creek." Bird 
''er, turns northward from this broad valley and in the 
its course flows through a narrow postglacial canyon, 
walls show excellent expos\u:es of the slate and gray- 
»y which are at several places cut by light-colored dikes. 
.ed at three places in the canyon. At the upper place, 
th claim above the mouth of the creek, the stream flows 
V gorge, which is 80 feet deep. The gravel benches are 
deep and are of small area, as in many places the stream 
ayon bottom. Most of the gold mined has been recovered 
og the stream with wing dams and cleaning the bedrock 
earn channel, much gold having penetrated a foot or two 
srevices of the slates. The gold is coarse and rough, and 
out $17.90 an ounce. One man was working on this ground 
The gold is irregularly distributed, an exceptionally rich 
tg succeeded up stream or down by barren ground, so that 
us are uncertain. 

ian was mining on claim "No. 3 above" and one on "No. 2 

under conditions much like those described for claim "No. 4 

The ground is 4 to 6 feet deep and is worked by ground- 

and shoveling. The slates are very irregularly bedded and 

are must be exercised in cleaning bedrock, as the gold pene- 

leeply into the cracks. At one place where a dike crosses the 

fold was found in crevices 6 feet below the stream bed. The 

bright and coarse, and although many pieces are worn smooth 

of it is rough and angular. The great drawbacks to mining 

e irregular distribution of the gold and the large proportion of 

«rs in the stream gravels. 

a rock walls of the canyon of Bird Creek are in many places 
3d by a heavy layer of glacial clay from which some gold has 
recovered but not enough to encourage its further exploitation. 

77092<»— Bull. 534—13 6 



These hills were formerly covered and smoothed by the great glacier 
which mantled the region, but since its retreat the streams have cut 
considerable valleys in the easily eroded materiala of which the hills 
are composed. Figure 7, a sketch ma]> of the upper part of Mills 
Creek basin, shows the location of the gold-placer mines. 

WagTier Gulch. — Gold waa first discovered in this basin in 1906, in 
Wagner Gulch, a small tributary of Mills Creek, near its heu<l. The 
gulch is steep and narrow and contains only a small stream. The 
ground to be mined averaged only 20 to 30 feet wide in the valley 
bottom and was 3 to 10 feet deep. The gold was found on a some- 
what consolidated bed of gravels in the stream bed, or on the sands 
and clays of the coal-bearing series. It is bright in color and is flat 
and much worn, showing that it has been transported some distance 
from its bedrock source. This gulch is about mined out, as the pay 
streak terminated rather abruptly upstream. No work was done on 
it in 1911. 

Chicago Gulch. — In Chicago Gulch, another tributary of upper 
Mills Creek, the conditions for mining are much like those on Wagner 
Gulch, except that the valley is smaller and steeper. The fall of Iho 
creek is about 1 foot in 6, and the stream gravels average about 20 
feet in width from one valley wall to the other. Bowlders are numer- 
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18, but few are too large for one man to handle. The flow of the 
.ream becomes small during the later part of the summer, and sluice 
9xes 12, 10, or 8 inches wide are used, according to the supply of 
ater. The gold is coarse but flat and flaky, and few large nuggets 
ave been found. The pay streak in this gulch, like that on 
(^agner Creek, played out abruptly upstream. One man was mining 
DL Chicago Gulch in 1911. 
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PiGUftB 7.~8kotch map of upper part of MQla Cre^ basin, showing location of gold-plaoer mines. 

MiUa Creek, — ^Little work has been done on Mills Creek proper, as 
prospectors there have always had difficulty in reaching bedrock. 
The dryness of the season of 191 1 put an end to mining on the smaller 
gulches at an earUer date than usual, and a number of men thus found 



and the present valleys of the streams hare been eroded in post- 
glacial time. It seems certain, therefore, that the placer gold of the 
creeks was scattered through the deposits in which the streams are 
eroding and has been concentrated by them to form workable placer 
Sufficient prospecting of the mat«nals of which the hills are composed 
has not been done to determine their gold content, but the manner 
in which the pay streaks terminate rather abruptly upstream in the 
several gulches suggests that most of the gold is derived from certain 
well-defined strata of the hills, and is found in the creeks only below 
the point at which these strata are crossed by the streams. The gold 
is flat and worn, having been rehandled by the streams. Its original 
source may have been the slates in the mountains to the northwest, 
but of this there is no definite evidence. 

PROSPECTS. 

In addition to the producing creeks already described, prospecting 
has been done on many streams of the Yentna district, some of 
which give considerable promise and may soon support a mining 
population. Kichatna River and ite tributary, the Nakochna, which 
lie southwest of Yentna River, above the Skwentna, have been 
prospected by a number of men and have yielded some fiTie gold. 
It is reported that these streams afford extensive areas of gold- 
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ring gravels suitable for dredging. Independence Creek, a small 
(utary of the Yentna below its forks, contains some gold and has 
n prospected for several seasons. 

Ixe streams between Afills Creek and Kahiltna River, including 
np, Sunflower, and Lake Creek basins, have been prospected, and 
ugh gold is present on all of them no paying ground has so far 
m found. Unsatisfactory prospects have also been found on the 
3anis between Dutch Hills and the main mountain range. 
)n the east side of Peters Hills, on the headward tributaries of 
rtin Creek, coarse gold has been found, although this drainage 
dn has received httle attention from prospectors. The geologic 
iditions are somewhat similar to those on the producing tributa- 
s of Cache Creek, and from this it would appear that this neg- 
ted area Is at least worthy of more thorough prospecting. If the 
artz veins of Peters Hills carry a gold content equal to that of the 
ins in Dutch Hills there should be workable ground on the tributa- 
s of Martin Creek. On the other hand, it should be remembered 
at in general the mineralization of the slates decreases with distance 
)m the granitic intrusions of the higher mountains, and it remains 
be proven whether or not the Peters Hills were sufficiently miner- 
zed to produce workable placers. 

The recovery of considerable fine gold from the bars of Lake 

'eek and Kahiltna River and reports of encouraging amounts of gold 

the wide flats on the lower courses of these streams give hope that 

. some future time these streams may support a dredging industry. 

SUMMABT OF PLAGEB MINING. 

Placer gold has been mined in the Cache Creek district since 1905 
id in the basin of Mills Creek since 1906. Though the region has 
) no time been the scene of great activity or of large production, its 
jtput has been steady and the interest in it has steadily grown 
reater. The population has increased from a few men in the early 
Bars to more than 100 men in 1911, most of whom were actively 
igaged in mining or in development work. The total output up to 
le present time, as shown in the accompanying table of production, 
I estimated at $383,000, of which about $63,000 was produced in 
911. 

Ettimated production of placer gold from the Yentna region from 1906 to 1911, 

Cache Creek $90,000 

Gold and N ugget creeks 152, 000 

Lucky and Rambler g:ulcheB 4, 200 

Thunder, Falls, and Dollar creeks 44, 800 

Peteraand Bird creeks 28,000 

Poorman, Willow, and Long creeks 106, 000 

Mills and Twin creeks and tributaries 15,000 

Lower Kahiltna River and Lake Creek S, 000 

383,000 
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The estimated production of the district by years is also giT^ 
the succeeding table : 

Placer produdum in Yentna dittnct. 



Year. 



1906 
1906 
1907 
1908 
1909 
1910 
1911 



Gold. 



Dances. 



1,698.27 
1,603.27 
3,434.93 
2,660.86 
2,902.75 
3,096.27 
3,047.63 



18,528.98 



Value. 



135,000 

35,000 
71,000 
65,000 

00,000 
64,000 
63,000 



383,000 



6fif« 



Omuxs. V£3 

I 



237 
237 
481 
372 
406 
433 
427 



3,503 



T 



These figures should be encouraging if the lack of transporter 
and the freight charge of 10 to 15 cents a pound for all supplies ii 
equipment brought to the mines are considered. Should a railn« 
penetrate the Susitna Valley and reduce the time and expense 
landing supplies at the camps, much ground which is not i>' 
worked could be mined at a profit and the gold output of the regi 
would be greatly increased. 

COAL. 

The accompanying map (PL III, in pocket) shows the areas ot<^ 
which the beds of the coal-bearing series of rocks outcrop at t 
surface, but it by no means indicates all the area underlain bj t 
series, which in many places is covered by glacial materials & 
stream gravels. It should not be understood that aU the area 31 
mapped contains workable coal beds, for in most places the exposur- 
are imperfect, and only a portion of the series can be seen. At man 
localities in the Yentna district, however, there are outcrops of fc 
nitic coal of varying thickness. All the coal examined was of U 
grade and was light and woody in texture, with a black to browm- 
color, and would be classed as medium to low grade lignite. .^ 
coal has been mined commercially, and no extensive openings h^ 
been made which show it in an unweathered state. The best natun 
exposures of coal are on Cottonwood Creek, a small stream near Vs 
Mills Creek mining camps ; on Short Creek, a small tributary i^ 
Cache Creek; and on Peters Creek below the lower canyon. ^ 
these localities coal beds ranging in thickness from 3 to 12 feet &n 
exposed. Coal taken from them has been used for fuel by miDei 
in places where timber is scarce but has no other present commerdii 
value. 
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PREFACE, 



By Alfred H. Brooks. 



This volume is one of a series of reports presenting accounts of the 
geology and mineral resources of the Yukon-Tanana region. The 
iinit of publication is a quadrangle embracing 2^ of latitude and 4^ 
of longitude. Only that part of the Rampart quadrangle lying be- 
tween Yukon and Tanana rivers has been mapped, but the report on 
it is here issued as one of the regular series. A report on the Circle 
quadrangle has been prepared, and reports on the Fortymile and 
Fairbanks quadrangles have been issued.^ 

These are reconnaissance reports, and the work on which' they are 
based must be followed by more minute surveys before the details of 
stratigraphy and structure can be determined. It is believed, how- 
ever, that they will serve a useful purpose both in outlining the gen- 
eral features of the geology and in affording information about the 
mineral resources of the region. 

The publication of this series of reports will bring to a close the 
first stage in the investigation of the Yukon-Tanana region, which 
was begun in 1903 and has been continued every season until 1911. 
Most of these investigations were made by Mr. Prindle and his assist- 
ants, but as it was desirable to publish a report on the important 
gold placers of Rampart and Hot Springs at an early date and as 
Mr. Prindle was busy elsewhere the task was assigned to Mr. Eakin. 

t Prindle, L. IC., The Fortymile quadrangle, YnkonrTanana region, Alaska: Bull. U. 8. Oeol. Survey 
No. 375, 1009. Prindle, L. If., A geologic reconnaissance of the Fairbanks quadrangle, Alaska, with a 
detailed description of the Fairbanks distrtot by L. IC. Prindle and F. J. Kats and an account of lode 
mhning near Fairbanks by P. 8. Smith: Bull. U. 8. Oeol. Survey No. A25. 1013. 
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A GEOIOGIC RECOMAISSANCE OF A PART OF THE 

RAMPART QUADRANGLE, ALASKA. 



By Henby M. Eakdc. 



febijD work. 

The Kampart and Hot Springs gold-placer districts, together 
with a narrow strip on the opposite side of the Yukon, had been 
topographically mapped prior to the summer of 1911, during which 
a geologic reconnaissance of the r^on was made by the writer. 
The party, consisting of the writer and R. A. Conkling, who rendered 
valuable assistance throughout the season, landed at Rampart 
June 24. The followiog five weeks was spent in studying the min- 
ing districts and adjacent territory between the rivers. On August 
3 the party returned to Rampart, obtained a boat, and began the 
study of ^e rocks along the Yukon below this settlement. One 
week was spent in making an overland trip to the head of Squaw 
Creek, west of the Yukon, after which the work along the river was 
resumed. Tanana, at the west margin of the area mapped, was 
reached August 16. From this date until the latter part of August 
the work was carried westward along the Yukon beyond the Gold 
Hill district, approximately to longitude 154^. (See PI. I, in pocket, 
and PL lU, p. 16.) It would have been impossible to cover so laige 
an area in this comparatively short time had it not been for the pre- 
vious work of other geologists, and acknowledgment is due to those 
whose published records have been freely drawn upon in the prepa- 
ration of the following pages. Special assistance has been given 
by Mr. L. M. Prindle, who has carried on a systematic study of the 
Yukon-Tanana region since 1903 and whose personal suggestions 
have aided in working out the geologic relations of these districts to 
the neighboring areas on the east. 

PREVIOUS INVESTIGATIONS. 

In 1866 DaU * ascended the Yukon to Fort Yukon with a survey 
party of the Western Union Telegraph Co. and took notes of the 
geology of this part of the Yukon basin. In 1889 Russell ' ascended 

> Ball, W. H., Exploration In Russian America: Am. Jour. 8cL, 3d ser., vol. 45, 1868, pp. 07-46; Coir^ 
latfcm paper»— Neocene: Bull. U. 8. Oeol. Survey No. 84, 18B3, p. 347. 
* RusmU, I. C, Notw on the surlboe geology of Alaska: Bull. Oeol. Soc. Anuricft, vol. 1, 1880. 
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8 BBOOKKAISSANCE IN BAHPABT QUADBANOLE, ALASKA. 

the full length of the Yukon and published valuable data on the 
geography and surface geology of the region. Much greater light 
was thrown on the geology about Rampart and along the Yukon 
by the more detailed studies of Spurr, Gkx>drich; and Schrader- 
who in 1896 made a reconnaissance from Chilcoot Pass to Nulat^<. 
They attempted a systematic classification of the rocks along xht 
Yukon based on their determination of the stratigraphic successioL 
and correlated similar groups of rocks widely distributed along their 
route of travel; they also introduced a system of nomenclature, most 
of which has persisted to the present time. Their work was foUoweii 
by that of CoUier,' who in 1902 descended the Yukon, giving special 
attention to the coal-bearing formations, and by that of- Brooks ^ 
and Prindle, who in the same year carried a reconnaissance from Cook 
Inlet to the Yukon at Rampart. Two years later Prindle and He® * 
carried a reconnaissance from Eagle to Rampart and spent the latter 
part of the season in a study of the Rampart placer district. In 
1907 Prindle * again touched the region about Rampart, and in ilw 
same year Atwood, descending the Yukon in the course of a genei^ 
study of the coal-bearing terranes, spent a few days in the vicinity 
of Rampart. 

The investigation of the water supply of the Rampart district 
was begun by Covert and Ellsworth • in 1908 and continued by Elk- 
worth in 1909. In addition to investigating the water supply, 
these engineers gathered data regarding the progress of miTiing in 
the Rampart and Hot Springs districts.^ 

GEOGRAPHY. 

LOOATIOK AND EXTENT. 

The Rampart and Hot Springs districts include most of the triangu- 
lar area between Yukon and Tanana rivers west of longitude 150°, 
which marks the western boundary of the Fairbanks quadrangle.^ 
This areaj which embraces about 12,000 square miles, is part of the 
Rampart quadrangle, one of a system of uniform areas projected 
over the Territory of Alaska by the Survey to faciUtate mapping 

1 spurr, J. E ., Geology of tbe Ynkon gold district, Alaska, with a chapter on tha history and present can- 
dltion of the district by H. B. Goodrich: Eighteenth Ann. Rept. U. S. Geol. Siurey, pt. 3, 1808, pp. 87-3»i. 
i Collier, A. J., The coal resources of the Yukon, Alaska: Bull. U. S. Geol. Survey No. 318> 1SQ3. 

• Brooks, A. H., The Mount McKinley regk>n, Alaska: Prof. Paper U. 8. Geol. Survey No. 70, lOU. 

< Prindle, L. IC., and Hess, F. L., The Rampart gold placer region, Alaska: Bull. U. S. Oeol. Surrej 
No. 280, 1900. 

• Prindle, L. If., The Fairbanks and Rampart quadrangles, Yukon-Tanana regkm, Alaska: Bull. U. S. 
Geol. Survey No. 337, 1008. 

• Covert, C. C, and Ellsworth, C. E., Water-supply investigations in the Yukon-Tanana region, Alaska, 
1907 and 1906: Watei^upply Paper U. S. Geol. Survey No. 228, 1909, pp. 69-84, 96-08. 

' Ellsworth, C. £., Water supply of the Yukon-Tanana region, 1909: Bull. U. 8. GeoL Survey No. 442 
1910, pp. 370-281; Placer mining hi the Yukon-Tanana regkm, 1909: Idem, pp. 239-243; Placer mining hi th« 
Yukon-Tanana regkm, 1910: Bull. U. 8. Geol. Survey No. 480, 1911, pp. 186-168. 

I Prindle, L. M., A geologic reconnaissance of the Fairbanks quadrangle, Alaska, with a detailed desa^p- 
tkm of the Fairbanks district by L. M. Prtaidle and F. J. KaU: Bull. U. S. Geol. Survey No. 626, 1913. 
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&iid description. Each quadrangle embraces 2^ of latitude and 4° 
of longitude. This report takes account not only of all the triangular 
&rea but also of a strip of territory lying along the opposite side of 
the Yukon and stretching westward beyond the Gold Mountain dis- 
trict, or nearly to longitude 164®. 

BBAINAGB. 

The entire drainage of the area studied is tributary to Yukon 
and Tanana rivers. From the divide, which trends east and west 
about midway between these rivers, many streams lead northward 
to the Yukon and many southward to l^e Tanana. The strip of 
territory north of the Yukon, through narrow, extends back as a 
rule from the river to the heads of the numerous small streams tribu- 
tary to the Yukon. It does not, however, embrace the whole course 
of Tozitna River, which enters the Yukon about 12 miles below the 
mouth of the Tanana. This stream, which is about 100 miles long, 
heads in the hills a few miles northwest of Rampart and flows par- 
allel with the Yukon for most of its length. 

Several of the smaller tributaries should be especially noted. 
Minook Creek, about 25 miles long, heads in the Yukon-Tanana 
divide and flows northward in a remarkably straight course to the 
Yukon near the eastern limit of the area studied. Baker Creek 
drains the south side of the divide opposite the basin of Minook Creek 
and flows into the Tanana. Its system has a peculiar broad dendritic 
form, being made up of a large number of evenly balanced tributa- 
ries from the east, north, and west. Patterson Creek heads against 
the western tributaries of Baker Creek and flows south and west to 
the Tanana. American Creek, a much smaller stream, rises a few 
miles west of the head of Patterson Creek and flows into Fish Lake. 
Grant Creek enters the Yukon from the north, about 15 miles below 
Tozitna River. All these streams are relatively small, the largest be- 
ing not more than about 20 miles long. They will be mentioned 
later in connection with the descriptions of placer gold deposits. 
Little Melozi River heads against some small tributaries of the Yukon 
west of Grant Creek and flows first northeastward and then north- 
ward, out of the special area under consideration, to its junction with 
Melozitna River, which enters the Yukon about a hundred miles 
farther west. 



The topographic province to which the area under consideration 
belongs is the central plateau region of Alaska, which lies between 
the Alaska Range, nearly 200 miles south of the Rampart area, and 
the Endicott Range, about the same distance north.^ This central 



i Braokiy A. H.y Qeogimphy aiid geology of Alaska: Prof. Paper U. 8. a«oU 




like those between the Yukon and the Tan&na occur, except in the 
lowlands adjacent to Tozitna River, Tliis ridge topography ext-ends 
westward along the Yukon to a point about 30 miles west of the 
Tozitna. Here begins another prominent range, which reaches 
altitudes above 4,000 feet and extends westward beyond tlio area 
studied. 

Extensive lowlands stretch along the Yukon and the Tanana and 
along the lower courses of some of the smaller streams, as on Baker, 
Patterson, American, and other southward-flowing creeks of the 
Tanana basin, and on Tozitna KiviT, Grant Creek, and streams 
farther west, flowing mto the Yukon from the north. East of the 
Ramparts of the Yukon and parallel with them is a depression several 
mites wide, which is crossed by a number of small streams that head 
in the Yukon-Tanana divide. 

Much broader, however, are the lowlands lying south of the larger 
streams. Seeming to be a dead-level expanse of sparsely timbered 
tundra, they stretch away to a horizon of low, rountlcd hills perhaps 
60 miles south from the Yukon, and on clear daj^a the snowy masses 
of McKinley, Foraker, and a great array of lesser mountains can be 
seen looming up at still greater distances, emphasizing the flatness of 
the inter\'ening wastes. These lowlands extend eastward along the 
Tanana to the end of Bean Ridge and westward along the Yukon 50 
miles beyond the area studied, to the mouth of the Melozitna. 



. LOWER END OF THE RAMPARTS. 




»* • 
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The Ramparts of the Yukon are about 15 miles long and lie midway 
between the mouth of Minook Creek and that of the Tanana. .The 
valley of the Yukon is here steep sided and in places canyonlike^ being 
little wider than the stream itself and having a depth of 1,000 feet or 
so below the bordering hiUs. Disconnected remnants of terraces 
occur at intervals to the top of the valley walls. The high land on the 
right side is continuous back from the river and rises to greater alti- 
tudes than that of the immediate valley wall. On the left the river 
is bordered by a narrow range of hills, more or less uniform in eleva- 
tion, which separates the present valley of the Yukon from the broad 
depression on the east. (See PI. 11, A.) 

Tributaries join the Yukon from both sides in the Rampart reach. 
The smaller streams from the right enter through narrow gorgelike 
valleys and the larger ones commonly have broader valleys with 
bottom lands. The streams from the left, after traversing the broad 
depression, break through the narrow range of hills, some through 
narrow V-ahaped gaps and others through broader openings corre- 
sponding with the valleys of the larger streams from the right. (See 
PI. I, in pocket.) 

Terraces, some rock cut and others constructional, occur at a 
number of places along the Yukon Valley above the Ramparts. The 
highest noted are at an elevation of about 1,600 feet, according 
closely with the top of the Ramparts, and are in the form of hori- 
zontally truncated ridges. They become more noticeable farther 
upstream, and near Rampart they are broadly developed in the 
interstream ridges of Mhxook Oeek and its tributaries. Plate II, B, 
shows these features near the mouth of Minook Oeek. 



CUKATB. 

The climate of the. Rampart Hot Springs districts is the same that 
prevails over much of interior Alaska. The winters are long and 
cold; the summers are short and comparatively warm. The following 
table gives the recorded precipitation at Rampart for the years 1906 
to 1910 inclusive: 

Monthly precipitation, in inches, at Rampart, 1906-1910, ^^ 
^ [RalnfBll or meltad snow is gfven in Uie ilxst line, snowfUl in the second line.) 



Year. 


Jan. 


Feb. 


ICar. 


Apr. 


ICay. 


June. 


Jnly. 


Ang. 


Sept. 


Oot. 


Nov. 


Dee. 


An- 
nnaL 


1906 


0.63 

7.2 

1.17 

12.0 
1.06 

11.6 
.00 
1.4 
.84 

11.1 


0.06 
.2.0 

.44 
4.6 

.62 
6.9 

.10 
1.2 

.06 

.6 


0.17 
1.8 
1.17 
12.8 

.81 
8.1 

.37 
6.2 

.86 
4.7 


ao4 

.6 
.02 
2.6 
.68 


0.40 


a 16 


1.86 


2.40 


a69 


0.61 


a96 

ia2 

.66 
6.S 

.73 
8.6 

.36 
8.6 

.26 
8.6 


0.33 

8.6 

1.26 


8.21 

26 2 


1807 


.44 


1.64 


2.29 


3.38 


2.62 


.66 


16.63 


1908 


.82 


1.38 


1.13 


.46 


1.66 


.39 
6.1 
1.14 
14.4 

.46 
6.0 


1.14 
16.8 

1.99 
20.2 
.88 

6.0 


10.60 
62 


1909 


.61 
6.6 

.07 
1.0 


1.04 


.86 


2.01 


1.41 


.36 
1.6 
.43 


10.22 
64.1 
6.82 
82 1 


1910 - 


.20 


.96 


.71 


.62 

















a Exoerpt from table by C. E. Ellsworth, Water supply of the Yokon-Tanana region: Bun. U. B. OeoL 
Borvey Ko. 480, 1911, pp. 17ft.l77. 
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RBCOKKAISSANCE IK BAMPABT QUADBAKOLE, ALASKA. 



The average temperatures of interior Alaska are summarized 
by Brooks' as follows: ''The average winter temperature in the 
province is 6® to 10® with a minimum of —65® to —76®; for the 
summer months of June, July, and August the mean is 50® to 60® and 
the recorded maximum 90®." A later record gives a maximum 
temperature of 92® on July 27, 1910, at Rampart.' 

Concerning those phases of climate that affect transportation and 
mining in the interior pf o vinces of Alaska Brooks * says : 

Ice usually begins to run on the Yukon between the first and middle of Octobo', 
but the delta closes to navigation one or two weeks earlier. In the spring the ice breaks 
at the mouth of the Tanana about lifay 10 to 15 . So far as the records show, the Tanana 
breaks a little sooner in the spring and closes a little later in the &11 than Uie Yukon. 
• • • The sluicing season in the Fairbanks district usually extends from aboQt May 
10 to the middle or end of September. There are records of creeks opening aa early 
as the middle of April, and in 1907 most of the waterways remained open until the 
end of October. 

Except where imusual factors operate the ground below a slight 
depth is permanently frozen. It remains unfrozen about Hot Springs, 
because of the heat of the springs, and on some of the creeks where 
the gravels are unusually permeable to circulating ground watOTs. 

Summer climate is a critical factor in determining the agricultural 
possibilities of a country. The length of the growing season is indi> 
cated by the following table of records made at the United States 
Agricultural Experiment Station at Rampart:' 

Length of growing HOBon at Rampart, 



Year. 



1906 
1907 
1908 
1900 
1010 



Last spring frost. 


First autumn frost. 


Date. 


Tempera- 
ture(^P.). 


Date. 


Tempera- 


May 20 
May 21 

May 10 
May 20 
May 28 


23 
25 

30 
30 

28 


Aug. 25 
Sept. e 
Aug. 31 
Aug. 24 
Aug. 21 


25 
24 
29 
27 
27 



Days be- 
tween 
frosts. 



96 

lo: 

KB 
8S 



VEaETATION. 

Prior to its occupation by white men the region was largely covered 
with timber, mostly of sparse growth but locally furnishing trees 
suitable for mine work and lumber. Spruce is the most widely 
distributed species and is also the largest of the trees, attaining a 
diameter of 2 feet or more in especially favorable places. Birch and 
Cottonwood are also widely distributed but attain their best growth 

I Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper U. 8. Qeol. Survey No. 90^ 1911, 
p. 100. 
> Oasser, O. W., Ann. Rept. Alaska Agr. Ezper. Sta. for 1010« p. 44. 
"Idem, p. 48. 
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only on the southward-facing slopes and on the unfrozen ground at 
and near Hot Springs. A few tamarack were noted on some of the 
tributaries of the Yukon^ and willow and alder thrive on the higher 
slopes and along streams. Partly by use and partly by extensive 
forest fires the available timber has been materially reduced. It is 
estimated that fully four-fifths of the timbered areas have been 
burned over in the last decade, and during most of the summer of 
1911 a number of fires were burning in different parts of the region. 

Except in the densely timbered areas and natural meadows the 
ground is covered with the usual Alaskan carpet of mosses, grasses, 
herbs, low bushes, and creeping plants. Various edible berries 
flourish in their respective habitats. Red and black currants and 
raspberries are abundant in places more or less sheltered by timber; 
salmonberries and blueberries favor the open ground; and cranberries 
thrive on the sunny slopes above the timber line. In early summer 
the mountains are gay with lupine, gentian, wild poppy, and in- 
numerable species of small flowering plants, the lower levels are 
clustered with bluebells and wild roses, and the warm hillsides, 
especially in bumed-over areas, flame with the brilliant fireweed. 

Native grasses are so generally distributed in the region that no 
trouble was experienced in selecting camp grounds where abundant 
forage was available. Redtop exceeds the other varieties in abun- 
dance and breadth of distribution. Native meadows of this grass 
on the Yukon bottom are annually mowed and furnish hay of good 
quality. A large herd of beef cattle and a number of horses were 
being pastured on the bottom land of the Tanana near Hot Springs, 
and at a number of other places horses were living on the native 
grasses exclusively, all keeping in excellent condition. 



The largest animals native to the region are moose, caribou, and 
bear. Evidences of moose were observed at several places between 
the Yukon and Tanana, but none of the animals were seen. Caribou 
often range into the country during their winter migrations but are 
rarely seen in summer except in the mountainous areas north of the 
Yukon. Black and brown bear are very common, but keep mostly 
in the timber, and occasionally a grizzly is seen in the higher open 
country. 

Wolves, wolverines, foxes, rabbits, marmots, martins, weasels, 
squirrels, and mice are among the smaller animals at home in the 
region, the wolves and martins being relatively scarce. 

Ptarmigan and grouse are the principal game birds resident in the 
country the year round. Geese, ducks, cranes, and a number of 
smaller watet* fowl, shore birds, and other migrants spend the warmer 
months in the region. 
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No reptiles are known in the region. A single amphibian, a small 
green frog, is rather common. 

Fish are abmidant in all the streams that are not polluted by 
mining operations. The grayling and brook trout frequent even the 
smallest brooks. The king, silver, and dog salmon run up the larger 
streams annually. Pike and wbitefish live in the Yukon and Tanana, 
and the pike is said to inhabit also some of the larger lakes. 

POPni.ATION. 

The inhabitants of the Rampart and Hot Springs districts have 
varied in number and have shifted from place to place with the 
ctfanging fortunes of mining operations. The oldest settlements 
persisting at the present time are Rampart, near the mouth of 
Minook Creek, and Tanana, below the mouth of Tanana River. 
Hot Springs, on a slough of the Tanana; Glen, on a tributary of Baker 
Creek; and Tofty, on Sullivan Creek, have developed as supply 
points for the mines of the Hot Springs district. A small group of 
cabins and roadhouses on the bank of the Yukon near the mouth of 
Grant Creek is the only other white settlement in the region. 

Rampart is said to have had a population of about 1,500 during its 
best days in 1898 and 1899.^ Since then its population has dwindled 
to the present number — a little more than a score. The town of 
Tanana, independent of Fort Gibbon, a United States military post 
situated there, has a population probably fluctuating between 200 
and 300. Tofty and the immediate neighborhood could number 
during the summer about 150 persons, but this figure would be 
greatly affected by any change in mining operations. The other 
settlements mentioned have only a few residents each — ^probably 50 
all told. 

The native population is said to be greatly reduced from its number 
two decades ago when few white men had visited the region. At 
present the principal native settlement is a mile above Tanana on 
the Yukon, where there are a mission and a school. There is another 
small village near the mouth of Tozitna River and a few natives live 
near Rampart. 

MEANS OF COIOCUNICATION. 

Yukon and Tanana rivers give easy access to all parts of the 
region and they are navigated by a fleet of well-equipped steam- 
boats. The freight rates from Seattle vary with the nature of the 
commodities and the route traversed, as indicated in the following 
table : 

1 Prindle, L. M., The Fairbanks and Rampart quadrangles, Yukon-Tanana regkm, Alaska: BuiL p. S. 
Qeol. Survey No. 337, 190S. p. 60. 
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freight and passenger rates from Seattle to towns in the Rampart and Hot Springs dis^ 

trictSy based on tariffs of 1910-11. 



Town and route. 



Rampart: 

Vift Skagway... 

Via St. HlGbael 
ranana: 

ViaSfcacway... 

Via St. SiichaeL 
Hot Springs: 

ViaSKagway... 

Via StTlfichael 



General 
merchan- 
dise per 
ton. 



$S2-«115 
58 

M-117 
50 

8»-125 
55 



Lumber 
perM. 



177.50 
87.00 

79.50 
75.00 

84.50 
82.50 



Forage per ton. 



Hay. 



$83 
68 

86 
50 

90 
55 



Grain. 



$77 
58 

79 
50 

84 
55 



Passengers. 



First 
daas. 



$111 
115 

115 
111 

125 
115 



Second 
class. 



$80 
00 

81 



90 
00 



Local freight rates from river points to the creeks vary according 
to the condition of the roads and the season of the year. In both the 
Rampart and the Hot Springs districts some excellent roads are main- 
tained. The rapid development of the Sullivan Creek placers in the 
last two years has made necessary additional road improvements, 
which were being pushed during the summer of 1911. The sunmier 
rate on goods from Hot Springs to Tofty, a distance of 12 miles, was 
5 cents a pound, and considering the difficulties of the present route 
this charge was not unreasonable. On the completion of the route 
under construction the rate will probably be reduced to about the 
present winter rate of 1^ cents a poxmd. 

All the river communities are in touch with the United States mili- 
tary telegraph. Local telephone lines give service in the Bampart 
and Hot Springs districts. Regular United States mail service 
extends to all the settlements, both winter and summer. 

m 

INDUSTRIES. 

The chief industry of the region is gold-placer mining. However, 
a considerable part of the population is engaged in mercantile pur- 
suits, river transportation, and freighting. Fishing, woodcutting, 
lumbering, and agriculture receive considerable attention. The 
mining industry will be treated in this report in the section on 
economic geology. The mercantile business of the region is limited 
to a rather scant fur trade and to supplying the residents with neces- 
sary commodities. The steamboat traffic on the large rivers gives 
employment to a number of the inhabitants of the region, both 
native and white. SuppUes are transported from river points to the 
inland towns and mining camps by team and pack train, outfits for 
this purpose being maintained in all the river settlements. The 
heavy demand for dried salmon to feed dogs with during the winter 
leads many persons to devote themselves to the fishing industry dur- 
ing the annual salmon runs. The fish are \isually taken by means of 
fish wheels set in the margins of the larger streams. Supplying wood 
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for fuel to the steamboats and to the towns and mining camps is a 
source of income for many persons. Considerable lumber is sawed in 
the town of Tanana, one plant being operated by the natives at thar 
village and another at the military post. The logs are brou^t dovn 
Yukon and Tanana rivers in rafts and most of the lumber is used 
locally. The agriculture of the region is principally gardening. A 
small truck patch is connected with almost every establishment, 
whatever its nature, and at Bampart and several other places on the 
Yukon and at Hot Springs more extensive plots are under cultivatioD. 
At Bampart the Government maintains an agricultural experiment 
station under the efficient management of G. W. Gasser. This sts- 
tion has not only demonstrated the possibiUty of maturing a Tarietj 
of grains and raising many kinds of vegetables but has originatd a 
number of new varieties of these plants that are better adapted to 
this environment than those already existing.^ At Hot Springs about 
30 acres of imfrozen ground and about an equal area of the usiul 
type having its subsoil permanently frozen are fanned annually. 
Here, in addition to the produce ordinarily grown in the region. 
sweet com, cucumbers, melons, cantaloupes, and tomatoes are raised 
successfully, and all find a ready and profitable sale in the larger 
towns along the rivers. Milch cows and poultry are aJso kept and 
supply the table of the hotel, which is run in connection with tk 
farm, with the unusual luxuries of fresh butter, nulk, and eggs. 

An unexpected phase of agriculture was met with at McConnick's 
ranch, about 12 miles below Bampart. Here potatoes are grown as 
food for swine. At the time of the writer's visit, August 7, the pota- 
toes were well formed, promising a good yield, and several litters of 
healthy young pigs indicated the possibilities of success in the unique 
industry. 

DESCRIPTIVE OEOIjOOY. 

OBNBBAL 8TJCCXB88I0N. 

At the base of the geologic colunm in the Rampart and Hot Spring 
districts is a series of metamorphic rocks. They are overlain locally 
by Tertiary sediments and broadly by those of Quaternary age. 
Unaltered granitic intrusives are widely distributed in the pw- 
Tertiary rocks and are accompanied by a complex system of dikes, 
probably related to them genetically. 

METAXOBPHIO BOCKS. 

Metamorphic rocks floor the greater part of the Rampart and Hot 
Springs districts and are conspicuous in all sections of the area studied. 
They are for the most part derivatives of original sediments but 
include igneous types. 

1 QeorgeKm, C. C, Ann. I^ptB. Alaska Agr. Ezper. Sta. 18Q»-ltlO, OlBoa Espor. Sta. U. 8. Pept Ap- 
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Differences in original constitution and in character of alteration 
ave resulted in a wide divergence between the types of the meta- 
lorphic rocks. On account of their extremely complicated structure 
nd their general lack of fossils, lithology is the principal basis on 
rhich. they can be subdivided. Four general lithologic subdivisions 
re recognized, each including a different set of rock types that are 
onstantly associated over a considerable area. (See geologic mapsi 
^Is. Ill, p. 16, and IV, in pocket.) The subdivisions are ( 1) limestones 
md schists; (2) greenstones; (3) slates, sandstones, and conglomerates; 
md (4) slates, quartzites, and schists. The order in which these sub- 
livisions are mentioned here is that of their apparent stratigraphic 
sequence. The first is probably Silurian and Devonian, the second late 
Paleozoic, the third early Mesozoic, and the fourth Cretaceous and 
older, probably mainly Lower Cretaceous. In Plate IV some of the 
Larger limestone areas of the oldest groups are distinguished; in this 
plate also some rhyolites, flows, tuffs, and breccias that are closely 
related to the jgreenstones are shown separately. 

LIMESTONES AND SCHISTS (SILURIAN AND DEVONIAN?). 

Limestones and schists occupy a belt from 2 to 6 miles wide along 
the Yukon-Tanana divide from the eastern margin of the field nearly 
to the junction of Yukon and Tanana rivers. They occur also in 
the hills of the Eamparts and are the only metamorphic rocks repre- 
sented in the Gold Hill region. 

The chief areas of limestone in the eastern part of the region are 
shown on the geologic map (PI. IV). All these beds have suffered 
intense deformation, and it is highly probable that the irregularity of 
the limestone areas is mainly due to the aggregation in certain places 
of beds that were once much more evenly distributed. Plate V, A, 
shows the characteristic closely folded limestone structure. That the 
deformation of these rocks took place under heavy cover is shown by 
the common occurrence of flow structure, which is especially evident 
in the wavy banding of the purer marbles. 

Strong metamorphism is shown by many of the limestones, espe- 
cially by those of impure types. Mica is the most common secondary 
mineral, but garnet, epidote, and scapolite also occur. The replace- 
ment of calcite by a chertUke form of quartz is a common phenome- 
non, which in many places has brought about a complete change in 
the chemical composition of the rocks. Many of the cherts and 
quartzose schists are believed to represent limestones that have 
suffered such substitution of minerals. 

The limestones of the Yukon-Tanana divide are mostly nonmag- 
uesian, are bluish or white in color, and incline strongly toward silicifi- 
c^^tion. In addition to these types buff-colored dolomitic members 

81242°— BuU. 535—13 2 



then, is not r fair criterion of their agp. Greater weight should 
attach to the probable Silurian and Devonian age of the limestones, 
and it seeina likely that in these periods most of the limestones and 

schists were originally deposited. 

GRKENSTONES (PROBABLY I.ATE PALEOZOIC). 

In the northeastern part of the region is a large area whose pre- 
dominant rocks are greenstones. This area flanks the Yukon- 
Tanana divide on the north, reaching from Minook Creek just above 
the mouth of Hoosier Creek southwestward to the Stevens Creek 
lowland. On the north the greenstones extend across the Yukon 
and beyond the head of Squaw Creek, which is the limit of the area 
observed. 

The greenstones proper are altered basic igneous rocks, principally 
diabasic flows and tuffs. Associated with them in the vicinity of 
Rampart are minor beds of slate, chert, and limestone, besides other 
igneous types. Among the latter are rhyolitic lavas and flow breccias 
and deiiHO aphanitic laminated rocks that apparently include glassy 
lavtw and fine-grained tufFs. The rhyoHtic rocks occupy considerable 
areas to the exclusion of other t^'pes, their wliito or buff color con- 
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trasting strongly with that of the greenstones. At the head of 
Squaw Creek the sedimentary rocks are absent and reddish andes- 
itic flows are interbedded with the greenstones. Throughout the 
area of the greenstones basic igneous dikes are common, but in the 
Squaw Creek locaUty they are especially abundant. In strati- 
graphic position the greenstones are apparently above the limestones 
and schists. The nature of their relation to the underlying rocks 
is not clear, but they seem to record a continuance of the same 
activities with a marked increase in volcanism. The lowermost 
greenstones are interbedded with marine sediments and were prob- 
ably submarine flows. The absence of such sediments among the 
higher members suggests that either the accumulation of the lower 
beds or uplift brought the area above sea level and afterward 
igneous activities alone were recorded. The rate of accumulation 
of an igneous series is capable of such wide variation that it is 
obviously unsafe to designate any age as that witnessing the forma- 
tion of all the greenstones. It seems likely that the formation of the 
lower members closely followed the Devonian sedimentation. They 
may represent only late Devonian activities or possibly some late 
Devonian and more or less of the succeeding age. 

SLATES, SANDSTONES, AND CONGLOMERATES (EARLY MESOZOIC). 

The area lying between the Baker CVeek flats and Tanana River 
in the southeastern part of the region is occupied by a sedimentary 
series. According to published descriptions ^ these rocks include 
red and green slates, sandstones, and fine conglomerates and although 
they have suffered much deformation they are but sUghtly meta- 
morphosed. No fossils have been obtained from them, so their 
age and relations are in doubt. If they are to be correlated with a 
group of rocks that occurs along the north front of the Alaska Range, 
as suggested by Brooks,' they are older than Middle Devonian — 
probably older than the limestones and schists of the Rampart and 
Hot Springs districts. However, judged by their relative degree 
of metamorphism, they appear to be younger than the limestones 
and schists — younger even than the greenstones of the Rampart 
district. This would place them in the late Paleozoic or early 
Mesozoic — a view that is strengthened by the fact that the younger 
group next to be described, occurring in a contiguous area on the 
north, is largely Mesozoic and in part at least of Cretaceous age. 

1 Brooks, A. H., A reoonnaissance in the White and Tanana Hiver basins, Alaska, in 1S98: Twentieth 
AniLRept. U. 8. Geol. Survey, pt. 7, 1900, p. 472. 

'Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper U. S. Oeol. Survey No. 70, 1911, 
nn. 7&-7IL 



part are of bghter shadca, some being almost milk white. The 
original quartz grains are plainly evident in many of the specimens 
and exhibit well-rounded boundaries and regrowth of crystals. 
In some places tliin parallel but widely spaced leaves of muscovile 
have been developed. The more impure tj'pes show a greater degree 
of raetamorphism ; they grade in both composition and structure int« 
the scliists. 

The schists of tliis age liave been produced evidently by the altera- 
tion of impure quartzose sedimentary rocks. Some are almost pure 
quartz and differ from the quartzites only in the development of a 
schistose struetiuc. However, most of them contain more or less 
ferruginous matter and secondary fomic minerals. Rarely feldspars 
are included, indicating a derivation from an original arkoso. The 
schists are for the most part light gray, becoming iron stained on 
weathering. 

The assemblage of slates, quartzites, and schists just described is 
largely if not entirely of Mesozoic age. From one of the quartzites, 
which are regarded as among its lowest members, a collection of 
fossil shells was obtained on the Little Minook and Quail Creek divide. 
Those fossils were submitted to T. W. Stanton for determination and 
the following is quotefl from hia report: 
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7241, No. 11 A£5. Little Minook-Quail Creek divide, one-half mile below trail 
GTOMing, Rampart quadrangle, Alaaka: 

Aucella? sp. apparently belonging to the group of A. crasncollis Keyserling. 
Many fragments of pelecypods, probably Lower Cretaceous or Jurassio. 
The collection is fsn from satisfactory and the determination is given only proW- 
aionally . I f it is correct, the horizon is either Ix)wer Cretaceous or uppermost Jurassic. 

Prindle* found Upper Cretaceous fossils in * 'black, rather massive 
carbonaceous sandy shales'* on Wolverine Mountain. Similar rocks 
extend southwestward from Wolverine Mountain, and it is probable 
that the Upper Cretaceous epoch is represented also by some of the 
dark shales associated with the quartzites and schists. Although 
the evidence is not as full as might be desired, a considerable range 
in age seems to be represented in this assemblage. In view of the 
great thickness of Mesozoic strata in adjacent regions, these rocks 
may belong entirely to this era — perhaps to only its later epochs. 

TBBTIABY SHAIiBS, SANDSTONES, AND CONGLOMERATES. 

Several small isolated areas of Tertiary sediments occur in the 
region adjacent to the Yukon. They include clays, shales, sandstones, 
conglomerates, and thin lignitic seams, and are apparently of fluvia- 
tile origin, the coal beds representing vegetal accumulation in the 
lateral basins of ancient aggrading streams. The beds have suf- 
fered considerable deformation, their dips ranging from practically 
zero to almost vertical. Extensive faulting has also occurred. The 
Tertiary beds still remaining are probably remnants of deposits that 
originally extended over the entire region, their preservation being 
due to a protected position among the older rocks given to them by 
downfolding or faulting. Owing to the extensive erosion to which 
the Tertiary strata have been subjected, it is impossible to estimate 
their original thickness. The present outcrops exhibit beds aggre- 
gating hundreds if not thousands of feet. 

The exposures along the left bank of the Yukon above the town of 
Rampart have furnished fossils, both plants and invertebrates, of 
Eocene age. Concerning the shells W. 11. Dall, who examined them, 
says, ** These are Unio althlios Meyer, a species first described from 
the leaf-bearing beds of the Kenai formation of Cook Inlet, Alaska.^' 
The plants from this locality were examined by Arthur IloUick, who 
gave the following report : 

Collection 11 AEl. Bluff, left bank of Yukon, IJ miles above Rampart (Lot No. 
0094). This collection consists of four specimens in a friable sandy clay matrix. 
Apparently only a single species is represented. 
RhiiB n. sp. 

CoUection 11 AE2. Blufif, left bank of Yukon, IJ miles above Rampart, 300 feet 
higher than 11 AEl (Lot No. 6095). This collection contains two kinds of matrix. 

> Prindle, L. M., The Fairbanka and Rampart qiuurdangles, Yukon-Tanana region, Alaska: Bull. U. S. 
Qeol. Bnrvey No. 837, 1906, pp. 23-24. 



nants up to an elcvfitioii of 1,500 feet above tlie sea, a level to which 
they evidently at one time fillet] the older topographic depressions, 
Plate V. B, shciws the massive ehamctor uf the silts at the Palisades 
of the Yukon. 

Deposila of {jravel and howhier usually constitute the base of the 
series and line sand and sills make up the gri-ater part of i(s mass. 
Some of the binvKlcrs are Iarj;e, .several that measured r> or fi feet in 
(heir longest dimension being noted. Although most of the bowlders 
oeeur in the beds next to bedrock, isolatc'd ones are found well up in 
the sills, 1 1 icir position indicating an unusual mode of transportation. 
The silts are fine and light colored and arc composed of finely com- 
minuted angular mineral fragments, chiefly quartz, and a little clay. 
The beds are pnietieally nndeformed and only locally are they 
appreciably consolidated. 

Pleistocene mammal remains are plentiful in the lowermost 
bowlder beds and land sliells of species still living in the same region 
are found in tlie silts. As silts of like character are u common prod- 
uct of glacial action, it is presumable that those of this series may be 
of glacial <)rigin. Whether the time of the principal glaciation in 
this region coincided with that of tiie Pleistocene ice extensions in 
lower latitudes is uncertain, and the age of the silts must be regarded 
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as correspondingly in doubt. The extent to which they have been 
eroded would indicate a great lapse of time and favor the presumption 
of early rather than late Quaternary age. The conditions attending 
the deposition of the silts are discussed more fully in the section on 
geologic history (p. 27) and special types of the deposits are de- 
scribed in the section on the auriferous gravels (pp. 30-34). 

IGNEOUS BOCKS. 

The older, metamorphosed igneous rocks have been described in 
connection with the rest of the metamorphic rocks. Besides these 
the region contains a number of areas of monzonites and a complex 
system of dikes composed of rocks that differ greatly in composition. 

The monzonites have the forms of batholiths and immense sills, 
the latter assuming the dip and trend of the principal structure of 
the region. In the eastern part of the region they occur at the 
Ramparts of the Yukon, in Roughtop and Hot Springs mountains, 
and in Elephant Dome. In the Gold Hill district they occupy areas 
between the heads of Golden and Illinois creeks and north of little 
Melozi River. As a rule these areas are manifest topographically, 
the superior resistance of the monzonite to weathering resulting in 
prominent rugged moimtains. 

The typical monzonite is a coarse-grained grayish rock, in hand 
specimens of which large tabular feldspars, biotite, and a pyroxene 
can be distinguished. In many specimens border phases show finer 
grain and a relatively greater abundance of femic mmerals. The 
usual type includes both alkalic and calcic feldspars, augite, biotite, 
and hornblende, with accessory apatite, titanite, and zircon. In 
ordinary phases the alkali feldspars predominate and in the more 
basic differentiations the calcic varieties are more abundant. Feld- 
spars having a wide range in composition are present in most speci- 
mens. In one both orthoclase and anorthite are associated with 
feldspars of intermediate composition. Augite is the most impor- 
tant of the femic minerals. It is pink and pleochroic, probably 
being titaniferous. Titanite is very abundant in many specimens 
and should certainly be regarded as an essscntial constituent of some. 
Biotite occurs in small idiomorphic crystals in all the monzonites, 
and in some of the difTerentiation phases it is the dominant femic 
mineral. 

Dikes cut the pre-Tertiary rocks in many parts of the region. 
Some of them are essentially like the monzonites in composition, 
others are granite and acidic pegmatite. Many pegmatite dikes 
have a center of practically pure milky quartz containing a few 
scattered leaves of muscovite and borders of quartz, orthoclase, 
plagioclase, biotite, aud muscovite, with accessory garnet, tourma- 
line, and apatite. In many places the border phases of the pegma- 



slight alteration of these beds indicates a possible period of diastrn- 
phiam before their deposition and after that of the older groups. 

At some early period the older grou|)3 of stratified rocks were 
intruded by immense granitic masses tliat havo abice been deformed 
and altered ^^^th the rocks that they invaded. 

As already noted, the rocks of later Mosozoic age— the slate, 
quartzite, and schist assemblage — are in evident unconformity with 
the underlying rocks; also they are less altered. The Lower Creta- 
ceous sediments were evidently deformed xnider heavy cover, aud 
an extended period of erosioii ensued before the Upper Cretaceous 
beds were laj<l down, for the base of the latter is a conglomerate of 
quartzite bowlders apparently <lerived from the Lower Cretaceous 
quartziles.' Both Lower and Upper Cretaceous sedimentation was 
marine in large part, if not en|.ircl_y. 

Aft«r the Upper Cretaceous sedimentation igneous activities wore 
renewed with the intrusion of the nionzonites and of various dikes. 
The area became elevated above sea level, probably with additional 
folding and faulting of the Cretaceous and older rocks. A long 
period of erosion followetl, during wliich the Cretaceous beds were 
removetl from large areas, later occupied by younger sediments. 

> PrWdlr, L. U.oralcvnimuDlciiItoa. 



. EOCENE BEDS ON LEFT BANK OF THE YUKON 1 1 MILES ABOVE RAMPART. 



E BiDS OVERLAIN UNCONFORMABLV BY SILTS IN THE PALISADES OF THE YUKON. 



OEOLOQIC HISTORY. 25 

TEBTIABY TOCB. 

To account for the absence of Cretaceous beds beneath the Eocene 
in certain areas and for the gradation from clays and fine sediments 
in tlie lower part of the Eocene to sands and conglomerates higher 
in tlie series, a succession of periods differing greatly in erosional 
activity is required, the differences being due probably to orographic 
chajiges. 

Between the Cretaceous and the Eocene sedimentation there must 
have been a long period of active erosion, in which the Cretaceous 
beds were removed from the areas noted above. Erosion then sub- 
sided, probably keeping pace with a general reduction of grades by 
the streams. Then followed a long period when weathering was the 
dominant process and when a mantle of the products of rock decay 
was formed over much of the country. 

Next came orographic changes that quickened erosion over certain 
areas, the materials probably being redeposited at no great distance 
from their sources. It is reasonable to suppose that the axes along 
which uplift started these changes were already determined by prior 
movements and that they probably coincided with the principal 
divides of the drainage systems. The uplift, then, first affected the 
headward portions of the streams most strongly. With their energy 
thus increased the streams easily attacked the surface deposits and 
delivered large volumes of fine debris to the trunk channels, whose 
capacity was at first probably little affected by the crustal move- 
ments. Deposition in the valleys of the larger streams followed. 
This resulted in a steepening of grades farther and farther from the 
seat of uplift. The longer the streams the greater would be the 
thickness of strata required for the establishment of competent 
grades to the sea. As aggradation lifted the streams out of their 
valleys their flood plains coalesced, permitting the continuous depo- 
sition of similar materials over wide areas. During this period the 
interstream areas were probably at times heavily vegetated swamps, 
in which were accumulated the materials now comprisiag the lignite 
beds. Shifting of the streams to new courses as their channels 
became aggraded above the level of the interstream swamps oc- 
curred at intervals, giving in each section an alternation of lignite 
beds and clastic deposits. 

Continued uplift, whether steady or intermittent, permitted the 
streams, after the removal of the decomposed mantle from the area 
of strongest uplift, to attack bedrock, and during an intermediate 
period the products of both decomposition and comminution entered 
into the Eocene formations, the latter products tending to predom- 
inate more and more. (See PI. VI, A and B.) In the sequence from 
the clays and lignites at the base to the sands and conglomerates at the 



matoly to Imse-lcvi'I. This sini^o was rworded in the Yukon Plateau, 
a]K>ni.']»lain which was IjUlt iHssi^ctoil «ii(t whose remnants have been 
widely reeogmzcd. In this stage the Tertiary beds were completely 
removed from large areas hut remained wherever they w"ere flexed or 
faulted l)elow llic level of l!ie ]U'Ue[)lain. After the period of base-" 
leveLiig dfgriidjitioiial af;:encies were a^^ain brought into play by 
furlhcr elevation (jf liie Ijiiid and llie areas nf less resistant Tertiarj- 
beds beeaine the obj'ecl of seli'ctive erosiun. In lliis stage, princi- 
pally by tlio removal of Tertiary beils, ttie areas of relative depres- 
sion ill post-Kocene time received loimgrapliic expression in valleys 
am! lowlamis, oiilliniug ihe ()rographic features that were to persist 
to the [iresenl day. 

QUATERNAHY TIME. 

Erosion subsequent to tlie elevation of the Yukon Plateau had 
progressed for a long time prior to the beginning of tlie Quaternary 
period and had produced tlie well-developed system of valleys of a 
mature topogra]>!iy. Interstream areas were smidl, many of the 
lower ones being in tlie form of sharp ridges. Either the land was 
standing at a higliei' elevation or (he streams had lower gradients 
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than those of to-day, for in many depressions that then existed the 
present streams have their courses laid over a great thickness of 
Quaternary filling. 

During earher Quaternary time an important group of sediments 
was laid down, rock-cut terraces were formed on the sides of the pre- 
Quatemary valleys, interstream ridges at certain elevations were 
horizontally truncated, and the Yukon, assuming a course at variance 
with the pre-Quatemary depressions, excavated its canyon-Uke valley 
through the Ramparts. 

The Quaternary sediments filled the older valleys in the vicinity of 
the Ramparts to a height which is now about 1,500 feet above sea 
level, lliis altitude also closely approximates that of the top of the 
Ramparts, the higher rock-cut terraces, and the truncated ridges. 
It is apparent that the level of these features must have been reached 
at the time when the Yukon assumed its present course at the Ram- 
parts by a body of water in which the silts were deposited and whose 
shore lines are marked by rock-cut terraces and truncated ridges. 
The elevation of the Yukon at the Ramparts during the period of their 
development exercised a controlling influence on the erosion in the 
upstream portion of its basin. Many terraces below the highest may 
represent the activities of the river or of ponded waters during 
periods of relatively slow lowering of the Ramparts barrier. 

In the Tanana basin Quaternary silts and gravels were deposited 
and rock-cut terraces were developed, but neither stand at as great 
an elevation as the corresponding features in the Yukon basin, the 
highest being about 1,200 feet above sea level. The lower terraces 
apparently represent the beach erosion of a body of water whose sur- 
face was rising by successive stages, not falling, for the deposits of 
each successive terrace overlap those of the terraces below it. 

The Quaternary inundation was followed by the withdrawal of the 
waters and the establishment of the drainage systems in their present 
forms. Later erosion has left only remnants of the earher Quater- 
nary deposits, having redeposited or completely removed from the 
region their larger part. 

The area here imder consideration is unglaciated itself, but to the 
influence of glaciation in adjacent parts of Alaska are probably due 
the special activities noted as having affected it during the earlier 
part of the Quaternary age. 

Many of the auriferous gravels he beneath thick deposits of gravel 
and silt and probably represent concentrations incident to the erosion 
of the pre-Quatemary valleys. Others developed on the terraces are 
probably early Quaternary concentrations. Certain streams have 
developed courses across Quaternary terrace deposits and their gravels 
represent a still later period of concentration, which is stiU in progress. 



prospected inereased, placers were located and mine» developed on the 
tributaries <)f Baker Creek along the northern border of the flats, and 
atill later on Sullivan Creek and neighboring streams tributary to 
Patterson Creek - 

Prospecting on the tributaries of the Yukon and Tanana west of 
the productive areas has revealed the ]tresence of gold in a number of 
localities, as showii on Plate IV (in pocket). Although much ground is 
held on some of these streams, especially m the Gold Hill district, the 
presence of gold in commercial quantities has not been demonstrated. 
In the Gold Hill district this may be due ui great part to the facta 
that very little besides annual assessment work is beii^ done and 
that what is done is laigely futile. 

The scene of greatest activity hi mining in the Rampart and 
Hot Springs districts has shifted to the south as successive discoveries 
have been made. The Rampart district yielded its greatest output 
hi 1906 and lf)07. The placers along the north margin of Baker Flats 
reached their maximum production about the same time but have 
not fallen off so rapidly aa the Rampart district. The Patterson 
Creek locality has steadily increa.sed its production since operations 
were begun, the season of 1911 recording the largest output in its 
history. 
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Oold and iUver produced in Rampart district. 





Gold. 


Silver. 


Ytar. 


Fine 
ounoes. 


Value. 


Fine 
ounces. 


Value. 


1896 to 1908. Inclusive 


29,799.00 
4,353.75 
3,870.00 
5,805.00 
6,046.87 
3,628.13 
4,837.50 
2,080.12 
1,548.00 


8616,000 

90,000 

80,UU0 

130,000 

125,000 

75,000 

100,000 

43,000 

32,000 


4,440 
649 
576 
865 
901 
540 
721 
310 
231 


82,664 
378 


1904 .' 


1905 


351 


1906 


588 


1907 


fiOfi 


1908 


286 


1909 


37S 


1910 


167 


1911 


12S 






Total 


61,968.37 


1,281,000 


0,233 


5»52» 





Crold and silver produced in Hot Springs district. 



Year. 



1902andl9Q8 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

Total. 



Oold. 



Fine 
ounoes. 



12,717.79 

7,038.56 

5,806.00 

8,707.50 

8,466.63 

7,366.25 

15,721.87 

15,721.88 

37,974.37 



119,408.85 



Value. 



8362,900 
145,500 
120,000 
180,000 
175,000 
150,000 
325,000 
325,000 
785,000 



2,468,400 



SOver. 



Fine 
ounces. 



1,818 
1,007 
831 
1,245 
1,210 
1,088 
2,248 
2,248 
5,490 



17,075 



Value. 



8064 
684 

507 

848 

796 

650 

1,160 

1,160 

2,981 



0,516 



SOUBCE OF THE GOLD. 

The distribution of the gold in the Rampart and Hot Springs districts 
s definitely related to the metamorphic rocks. The bedrock in the 
Rampart district is mainly greens tone, which is accompanied by a 
variety of slates, cherts, and impure limestones, all more or less al« 
:,ered. The Hot Springs district, from American .Creek to the Baker 
>eek placers, lies within the slate, quartzite, and schist area, and the 
>lacer ground of Quail Creek, which heads against Little Minook 
>eek, is a continuation of the same area. 

Quartz veins are so plentifully distributed in the older rocks of 
,he entire region that a greater abundance in the areas containing the 
)lacers can hardly be asserted. Although as a rule the quartz veins 
ixe barren of visible mineralization, there is some evidence that in the 
)lacer districts they are gold bearing. On Little Minook Creek a 
rein 6 feet wide is said to yield gold on being crushed and panned, 
[n the Sullivan Creek placers the richer ground is thought by the 
>perators to be marked by an unusual abundance of quartz veuis. 
[i\ both districts nuggets composed partly of quartz are common, 
[n the Gold Hill district is a quartz vein known to be auriferous, 
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but an unsuccessful attempt has proved that it is not of sufficaent 
extent or richness to be mined profitably. 

Although these facts indicate that much of the placer gold comes 
from quartz veins, another source is suggested for at least a part of 
it in the Hot Springs district. Nuggets from What Cheer Bar, near 
Glen, contain fragments of black slate. In the tailings of one of the 
Sullivan Creek mines was found a piece of quartzite having tinv 
stringers of gold along its cleavage planes. It would appear tiiat on 
these creeks the gold was deposited in the available spaces in the 
country rock, wholly without gangue minerals. The formations com- 
prising the country rock in all the placer districts contain members 
that are very rich in carbonaceous matoiaaL. Carbon is thought to 
influence the precipitation of gold under certain conditions, and it 
seems possible that the distribution of gold in the region may be in 
some degree related to that of the carbonaceous beds. 

Still another source of gold may' be the hematite deposits in the 
neighborhood of the monzonite areas near Hot Springs and Rougfat'Op 
Mountain. Brecciated zones of the country rock ranging from a few 
inches to several feet in width have received deposits of hematite. 
Samples taken from these deposits, both in the Roughtop Mountam 
locality and near Hot Springs, are said to yield steady assay returns 
of several dollars a ton in gold. Although such an occurrence of gold 
is unusual, it is far from impossible, but further sampling, including 
entire crosscuts of minable bodies of the ore, wiU be required to 
estabhsh the economic value of the hematite. 

AURIFEROUS GRAVELS. 

The auriferous gravels of the Rampart and Hot Springs districts, 
considered in their relation to modem topography, are of two types — 
stream gravels, forming the beds and flood plains of modem streams, 
and terrace gravels, situated above the present valley floors. Some 
deposits of the latter type cover benches that undoubtedly were 
formed by the present streams; others do not clearly indicate this 
origin. 

Tlie stream gravels have furnished the greater part of the gold 
output of the Rampart district, the operations on all the creeks 
except Hunter being confined to these gravels. On Hunter Creek 
only a small part of the gold produced has come from this source. 
The stream gravels of the district are shallow, as a rule; on Minook 
they range in thickness from a few feet to 15 or 20 feet, and on the 
smaller streams the range is even less, the usual thickness being 
from 6 to 8 feet. The gravels lie under a cover of muck and silt, 
which generally thickens toward the sides of the valley. It appears 
that the valleys were at one time more or less completely filled with 
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silt, a large part of which has been removed. Where the removal 
has been most complete; near the courses of the streams, open-cut 
mining is employed, but nearer the valley walls, where the over- 
burden IS very heavy, drifting is necessary. 

In the Hot Springs district a lai^e j^art of the gold taken from the 
streams tributary to Baker Creek has come from the stream gravels. 
The deposits of this type are similar to those of the Rampart district 
except that generally they are overlain by a much thinner overburden 
of silt or muck. The s^am gravels of the Patterson Creek group 
carry gold in small quantities, but are nowhere rich enough to be 
mined profitably. 

Terrace gravels occur in both the Rampart and Hot Springs dis- 
tricts. In the Rampart district well-defined benches occur on Minook 
and Hunter creeks. Those on Hunter Creek lie along the valley 
walls and may represent stages in the down cutting of the stream. 
The lowest bench on Hunter Creek, lying as a rule only 15 or 20 feet 
above the stream, has been the principal source of the Hunter Creek 
gold. The bedrock floor of this bench is irregular, in some places 
sloping downward away from the stream, toward the valley wall. 
The actual surface of the bench slopes upward toward the margin 
of the valley, especially in the vicinity of lateral streams. The 
upper part of this bench deposit seems to be composed largely of 
materials delivered to the main valley by its tributaries in the form 
of alluvial fans of varying steepness. The deposits of the lower ter- 
race of Hunter Creek are minable by open cuts along their stream- 
ward margins, being made up, as a rule, of 3 to 6 feet of gravel with 
an overburden of a few feet of muck. The notable thickening of the 
overburden toward the margins of the valley limits the width of 
ground to which open-cut mining is applicable. 

Hi-defined remnants of terraces occur at various elevations along 
the sides of Minook Valley, but only the lower bench, which resembles 
that of Hunter Creek, has been productive. 

The ridges between the eastern tributaries of Minook Creek are 
peculiarly flat-topped and rise eastward in a succession of broad 
steps standing from 600 to 800 feet above the level of Minook Creek. 
Some carry gravel deposits that have proved, locally at least, to be 
gold bearing. Prospecting has revealed deposits of various depths, 
the thickest being more than 100 feet deep. Their materials in the 
maiQ consist of more or less worn fragments of the local country rock, 
yellow clays or silts, and scattered quartzite bowlders, many of great 
size, which are foreign to the immediate neighborhood. Only very 
low contents of gold have been reported from these deposits, and 
their elevated position, even if they should prove to contain larger 
amounts of gold, would render their exploitation very difficult. 



Pioneer Creek, on the same hillside, similar deposits have been pro- 
ductive. 

A hea\-y deposit of gravel occurring along the north side of Baker 
flats west of Eureka Creek is apparenth" unrelated in origin to the 
present streams, which flow transversely across it. Although in 
general this deposit has proved to lie of too low a tenor to be worked, 
it rarries some gold and probably has been the source of much of the 
gold found in the gravels of the streams where they cross it. 

In the Patterson Creek locality shallow gravels are worked by 
open cuts on Quartz Creek and Tofty Gulch. The deposit on Quartz 
Creek, known as Homestake Bar, is about a quarter of a mile from the 
creek, on a slightly sloping hillside. It consists of 3 or 4 feet of 
gravel overlain by 3 feet of yellow silt. The gravels are little worn 
except in a thickness of about 1 foot next to bedrock. The entire 
hillside is covered with deposits similar to those being worked except 
that they carrj' less gold. The workable deposit extends horizontally 
along the hillside and no surface indications suggest its extent. How- 
ever, the bedrock slopes toward the creek at a lower angle than the 
surface of the ground, and at the uphill margin it rises more sharply, 
formhig a so-called rim. The rim seems to mark the limit of the 
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le ground is worked by ground sluicing and with 

a considerable open cut has been made on a bench 

lOut 1,000 feet from Sullivan Creek. The deposit 

i feet of gravel covered by several feet of yellow silt 

Large bowlders were very common in the top layers 

L some were found in the lower part of the silt. The 

gained a great many remnants of trees, which added 

the difficulty and expense of mining. In working 

top layers of muck and silt were ground-sluiced off, 

; employed to break up the tangle of wood debris in 

aich the gravels were carried to the sluice boxes with a 

>lacers of Sullivan Creek and those of Cache Creek lie 

30 to 75 feet below the siurface. They are worked by 

x^hinery is employed to hoist the gravel to the surface. 

s of the gravel deposits ranges from 10 to 35 feet, the 

)pth below the surface being made up by an overburden 

I reported that 90 feet of silt was penetrated in sinking an 

i prospecting shaft at a place between Cache and Sullivan 

rels include some well-worn materials but are made up 

ingular fragments of the country rock. In fact, it i^ often 

I distinguish the surface of the bedrock, so closely does it 

lie fragmental deposits. One prospect hole was abandoned 

eached a lens of this material, but when deeper holes near by 

iled rich gravels the shaft was sunk through the lens, and 

eached the true bedrock workable gravels were found. 

tore worn materials are usually of the most resistant types, 

ritreous quartzite being common. Many bowlders of this 

> large to handle are encountered in all the drifts; in some 

irifts all the vertical space is taken up by a single bowlder. 

dr, as these bowlders are generally more or less isolated they 

» serious difficulty to mining. 

; of the bedrock surface is much weathered, being brecciated 
jrying gold to a depth of a foot or more. The configuration 
bedrock surface in all the deeper mines is that of a succession 
benches, which rise one after another toward the higher ground, 
ichest gravels are conmionly found near the uphill margin of the 
les. 

6 auriferous gravels of American Creek are somewhat similar to 

lench gravels of the Patterson Creek locality. It is reported that 

3 of the later discoveries have been made on bench ground than 

He stream gravels. The depths range from 10 to 20 feet. The 

81242°-~Bull. 535—13 3 
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gravels are worked by drifting and so far no steam machinery has 
been used in hoistiog. 

On Grant Creek and some of its tributaries and on Illinois Creek, in 
the Gold Mountain district, good prospects are reported, but so far, 
the presence of valuable deposits has not been demonstrated. Pros- 
pecting is seriously hindered by the great depths to the gravels in much 
of the district and by live water where they are \infrozen. On Illinois 
Creek a hole is said to have been sunk 133 feet and then abandoned 
on account of live water, so that it did not reach bedrock. This shaft 
passed through several beds containing fine gold. 

On Grant Creek the results have been much the same, live water 
having caused the abandonment of holes when they had been sunk 
from 30 to 135 feet. The only holes sunk to bedrock on Grant Creek 
are about 2} miles above its mouth and have a depth of about 30 feet. 
A few holes on Lynx Creek, the principal eastern tributary of Grant 
Creek, have reached bedrock at a depth of about 20 feet, discovering 
on bedrock a foot of gravel said to yield at the rate ofS10or$12a 
yard. After a small amount of drifting had been done the works were 
abandoned. On American Gulch, a small tributary of Grant Creek 
near its head, the gravels are said to yield the best prospects found in 
the region, some estimates putting the values as high as SI a square 
foot of bedrock. The gravels are 10 to 12 feet deep and are not frozen. 
The construction of a bedrock drain, which has been unsuccessfully 
attempted, would probably afford more definite knowledge of tk 
deposit. 

WATER SUPPLY. 

With the exception of Minook Creek and two of its tributaries. 
Hunter and Hoosier creeks, the streams of the Rampart and Hot 
Springs districts furnish a very scanty supply of water for mining. 
Hunter Creek usually has a discharge sufficient for two 3-'inch nozzles 
under a 150-foot head, and in time of freshets, of course, its discharge 
is much greater. Its recorded minimum flow* is 3.7 second-feet, or 
about 150 miner's inches, and its maximum is 27 second-feet, or men 
than 1,000 miner's inches. Hoosier Creek is of very nearly the same 
size. Little Minook Creek carries less than a sluicehead during much 
of the drier part of the season. 

Eureka Creek at its mouth has a discharge similar to that of Hunter 
Creek. About half of this is contributed by Pioneer Creek and about 
a fourth by the main head of Eureka Creek above Pioneer Creek. 
None of the tributaries of Patterson Creek at the locality of the mines 
furnishes sufficient water for constant sluicing during much of the 
summer, and pumping is practiced at most of the plants. 

1 Ellsworth, C. E., Water-supply investigations, Yukon-Tanana region, Alaska: Water-Supply Papa 
U. S. Qeol. Surrey No. 228, 1009, p. 08. 
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MINING IN 1911. 
BAXPAUT DI8T&Z0T. 

General conditions. — ^Active mining in the Rampart district during 
1911 was limited to Hunter and liittle Minook creeks, of the Big 
Minook basin, and to Quail Creek, a tributary of Troublesome Creek. 
Gravels that were generally of lower tenor than those mined in 
former years were encountered and the difficulties of mining were 
greater, owing to an increase of the overburden as the valley walls 
were approached and to the obstruction caused by tailings of 
former operations. 

Hunter Creek. — On Hunter Creek two hydraulic plants were oper- 
ated during the summer of 1911. A steam hoist was installed on 
Dawson Creek, a tributary of Hunter Creek, but owing to an accident 
was abandoned for the summer. A single claim was worked to a 
small extent by pick and shovel. About 12 men were employed on 
four claims during a part of the summer. 

LiMe Minook Creek. — On little Minook Creek five claims were 
worked to some extent during the year. The operations included 
winter drifting on two claims and during the summer the use of two 
splash dams, employing about seven men. (See PL VIII, A.) 

QwaU Creek. — Quail Creek was not visited by the writer. It was 
learned, however, from the miners near Rampart that four splash 
dams were operated most of the summer, employing from 8 to 12 men 
at different times. 

HOT SPBnrOB DXBTBZOT. 

General conditions. — The year 191 1 witnessed a marked decrease in 
mining operations in the part of the Hot Springs district tributary to 
Baker Creek, contrasting with an increased activity in the Patterson 
Creek camp. In the former locaUty Thanksgiving, Omega, Pioneer, 
Eureka, and Hutlinana creekd w^re active. In the latter mining was 
in progress on Sullivan, Cache, Quartz, and American creeks. 

TJumksffiving Creek. — In the early summer about 20 men were 
sluicing and shoveling in on Thanksgiving Creek. Later in the season 
operations were at a standstiU, owing to lack of water. 

Omega Creek. — A single claim is reported to have been worked on 
Omega Creek in 1911 ; it was being drifted, the gravel being hoisted 
by hand. The ground was about 16 feet deep and the results were 
said to be satisfactory. 

Eureka Creek. — ^A steam scraper was employed in open-cut work on 
Eureka Creek near the mouth of Boston Creek. On the upper part of 
Eureka Creek a claim was worked by means of a splash dam. Eight 
or ten men were employed on this creek. 
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Pioneer Creek, — Four men were employed in sluicing on the bench 
ground of What Cheer Bar, on the right bank of Pioneer Creek, a 
little above its mouth. Two or three claims were being worked higher 
up on Pioneer Creek but were not visited. About 15 men were said 
to be employed in the summer workings. 

HuUinana Creek. — Four men operated two splash-dam outfits on 
the upper part of Hutlinana Creek during the sununer. Nothing 
definite was learned of their success. 

SvUivan CreeJc, — The greatest activity in the whole r^on was in 
the Sullivan Creek locality. Six steam hoists, employing about 150 
men, were in operation most of the summer. In depth to bedrock the 
claims range from 30 to 70 feet. Most of the overburden is yellow 
silt, the rest being gravel and black muck. 

The gold is usually in the lowest 2 or 3 feet of gravel and in the 
shattered bedrock. According to the reports of operators the tenor 
of the gravels, expressed in terms of the area of bedrock uncovered, 
ran from about 50 cents to more than $20 a square foot, and selected 
pans from the pay streak of the richest claim carried S10toS15in gold. 
The tenor of the gravels actually removed ranged from about $3.50 
a yard to very much higher figures. 

The costs of mining vary with conditions on the different claims 
and the methods employed. Many of the plants were compelled to 
pump water for sluicing, which adds considerably to the expense for 
fuel and cost of upkeep. The lowest estimate of the cost of operation 
was 35 cents a square foot of bedrock, which is equivalent to about 
$2.50 a yard of gravel. On some claims the costs were probably more 
than double this amount. 

In the summer valuable gravels were discovered on a claim adjacent 
to those being worked, and further prospecting will very likely dis- 
close a still wider distribution of pay gravel in this locality. 

Cdche Creek. — Three steam hoists were operated on Cache Creek in 
the early part of the summer, but at the time of the writer's visit two 
had shut down. The third plant was employing about 25 men but 
had only a small amount of ground remaining to be worked. The 
general mining conditions are similar to those on Sullivan Creek, the 
pay gravel lying at a depth of 50 feet and the water supply requiring 
the use of the pump for sluicing. 

Quartz Creek. — A single plant was operating on Quartz Creek. The 
ground is on a bench on the right bank of the creek and is shallow, 
permitting the use of open-cut methods. A large area had been 
stripped by groundsluicing oflf a covering of tUndra and about 3 feet 
of muck, and two men were shoveling in. The gravel deposit is from 
1 to 2 feet deep and consists mostly of angular, little-worn material 
except in the part very near bedrock. Although the entire waters 
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of the creek were diverted into the ditch, the supply was sufRcient for 
sluicing less than half the time. There is said to be much ground 
along this bench which could be profitably worked if sufficient water 
could be had for hydraulic mining; but which can not be exploited by 
the more expensive hand methods. 

ATnerican Oreelc. — ^A discovery of placer gold on American Creek, a 
small stream flowing into Fish Lake about 15 miles west of the Pat- 
terson Creek mines, was reported early in 1911. Active prospecting 
during the summer revealed pay gravel on at least four claims, from 
one of which a considerable production is reported. A hand windlass 
was used in hoisting the pay dirt, the ground on most of the claims 
being only 12 or 15 feet deep. From 30 to 50 men were on the creek 
during most of the summer, and preparation was being made for 
extensive work in both prospecting and mining during the winter. 

TIN. 

Smoothly rounded pebbles of cassiterite, the oxide of tin, occur with 
the gold in the SuUivan Creek placers. The neighboring placers on 
Cache and Quartz creeks are barren of this mineral, so that the area 
in which it occurs is small, being less than a mile in its longest direc- 
tion. The tinstone or stream tin, as it is commonly called, varies in 
amount with the gold, the placers commonly being rich or lean in 
both minerals. In the richest spots as much as half a pound of tin 
to the pan is reported, which at the present price of the ore would 
give the gravels a value, not allowing for costs of mining or transport 
tation, of $18 to $20 a yard, according to assay. 

Gravels that contain as little as 9 pounds of cassiterite to the yard 
are being mined profitably in the York region, Alaska. There can be 
little doubt that a great part of the gravels mined on SuUivan Creek 
carry as high a content of tin as this and that some may run much 
higher. However, on account of the inconvenience that the tin ore 
occasions in the extraction of gold, the tin is regarded as a nuisance 
by the miners of the district rather than as a possibly valuable product. 

The bedrock source of the tin has been the subject of a great deal of 
speculation, and considerable effort has been made to locate it. This 
effort, however, has been expended in the. region about Roughtop 
Mountain rather than in the neighborhood of the placers, under the 
impression that only an area of igneous rock could furnish tho mineral. 
Although in its typical occurrence in bedrock tin ore is evidently 
closely related to some igneous rock from which the tin-bearing solu- 
tions probably emanated, cassiterite may occur also in quartz veins 
and small dikes at some distance from any large igneous mass. 
There is a strong likelihood that the tin of these placers has not been 
brought a great distance to its present position. Apparently it has 
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been derived from the veins and dikes of • the country rock that has 
been eroded from the area in which the tin-bearing placers are found. 
Bedrock prospecting in the vicinity of the mines is difficult, owing to 
the thick covering of gravel and silt. Nevertheless, it would be 
desirable to make a closer scrutiny of the bedrock exposed in the 
mines and in the neighboring hills, especially of the quartz veins and 
micaceous dikes, which may possibly be tin bearing. Should any 
angular and little-worn cassiterite be found in the gravels, it would 
be good evidence of a bedrock deposit near at hand. 

That the quartz veins of the Sullivan Creek area are probably the 
source of the tin as well as of a large part of the gold is indicated by 
the structure of the ore, which is a recemented breccia. The frag- 
ments of the breccia are vein quartz. The cementing material is 
principally cassiterite. Blue and brown tourmaline and small 
amounts of fluorite also fill spaces between the quartz fragments in 
some of the specimens. From this structure it is inferred that the 
quartz veins were originally formed without the other minerals, 
along the joint planes of the country rock. Subsequently dynamic 
stresses, possibly due to the injection of an igneous mass underneath 
the region, caused movement along these planes and the brecciation 
of the quartz veins. This igneous mass might also have furnished the 
tin-bearing emanations from which the ores were derived. 
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♦Mining in the Fairhaven precinct, by F. F. Henshaw. In Bulletin 379, 1909, 

pp. 355-369. 50 cents. 
♦Water-supply investigations in Seward Peninsula in 1908, by F. F. Henshaw. In 

Bulletin 379, 1909, pp. 370-401. 50 cents. 
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Geology and mineral resources of the Solomon and Casadepaga quadrangles, Seward 

Peninsula, by P. S. Smith. Bulletin 433, 1910, 227 pp. 
Mineral resources of the Nulato-Council region, by P. S. Smith and H. M. Eakin. 

In Bulletin 442, 1910, pp. 316-^2. ^ 
Mining in Seward Peninsuhb, by F. F. Henshaw. In Bulletin 442, 1910, pp. 35^^71. 
Water-supply investigationa in Seward Peninsula in 1909, by F. F. Henshaw. In 

Bulletin 442, 1910, pp. 372-418. 
A geologic reconnaissance in southeastern Seward Peninsula and the Norton Bav- 

NuUto rc^on, by P. S. Smith and H. M. Eakin. Bulletin 449, 1911, 146 pp. 
*Notes on minmg in Seward Peninsula, by P. S. Smith. In Bulletin 520, 1912, jqp. 

Geology of the Nome and Grand Central quadrangles, Alaska, by F. H. Moffit. , Bulle- 
tin 533, 1913, 140 pp. 

Surface water supply ofSeward Peninsula, Alaska, by F. F. Henshaw and G. L. I^zker, 
with a sketch of the geo^phy and geolc^, by P. S. Smith, and a description of 
methods of placer minmg, by Alfred H. Brooke; including topographic recon- 
naissance map. Water-Supply Paper 314, 1913, 317 pp. 

Topographic maps. 

The following maps are for sale at 10 cents a copy or $3 for 50: 

Casadepaga quadrangle, Seward Peninsula; No. 646 C; scale, 1:62,500; by T. G. 

Gerdine. 
Grand Central quadrangle, Seward Peninsula; No. 646 A; scale, 1:62,500; by T. G. 

Gerdine. 
Nome quadrangle, Seward Peninsula: No. 646 B: scale, 1:62,500; bv T. G. €rerdine. 
Solomon quadrangle, Seward Peninsula; No. 646 jD; scale, 1:62,500; byT. G. Gerdine. 

The three following maps are for sale at 50 cents a copy or $15 for 50: 

Seward Peninsula, northeastern portion of, topographic reconnaissance of; scale, 

1:250,000; by T. G. Gerdine. 
Seward Peninsula, northwestern portion of, topographic reconnaissance of; scale, 

1:260,000; by T. G. Gerdine. 
Seward Peninsula, southern portion of, topographic reconnaissance of; scale, 1:250,- 

000; by T. G. Gerdine. 

Seward Peninsula, southeastern portion of, topographic reconnaissance of; 
1:250,000. Contained in Bulletin 449. Not published separately. 

VORTHERV ATJkBKA. 

*A reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by way of Dall, 
Kanuti, Allen, and Kowak rivers, by W. C. Mendenhall. Professional Paper 10, 
1902, 68 pp. 30 cents. 

*A reconnaiseance in northern Alaska across the Rocky Mountains, along the Royukuk, 
John, Anaktuvuk, and Colville rivers, and the Arctic coast to Cape Lisbume, 
in 1901, by F. C. Schrader and W. J. Peters. Professional Paper 20, 1904, 139 pp. 
40 cents. 

•Coal fields of the Cape Lisbume region, by A. J. Collier. In Bulletin 259, 1905, pp. 
172-185. 15 cents. 

•Geology and coal resources of Cape Lisbume region, Alaska, by A. J. Collier. Bulle- 
tin 278, 1906, 54 pp. 15 cents. 
The Shungnak region, Kobuk Valley, by P. S. Smith and H. M. Eakin. In Bulletin 

480, 1911, pp. 271-305. 
The Squirrel River placers, by P. S. Smith. In Bulletin 480, 1911, pp. 306-319. 

•Geologic investigations along the Canada-Alaska boundary, by A. G. Maddren. In 
Bulletin 520, 1912, pp. 297-314. 50 cents. 

•The Alatna-Noatak region, by P. S. Smith. In Bulletin 520, 1912, pp. 315-338. 

50 cents. 
The Noatak-Kobuk region, by P. S. Smith. Bulletin 536. (In preparation.) 

Topographic maps. 

•Fort Yukon to Kotzebue Sound, reconnaissance map of; scale, 1:1,200,000; by D. L. 
Reabum. Contained in Professional Paper 10. 30 cents. Not published sepa- 
rately. 

•KoyukuK River to mouth of Colville River, including John River; scale, l:l,200,0QQi 
by W. J. Peters. Contained in Professional Paper 20. 40 cents. Not publiahed 
separately. 
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